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REPORT

OF THE

SUPERINTENDENT, U. S. COAST AND GEODETIC SURVEY.

DeparTMENT OF COMMERCE,
CoasT AND GEODETIC SURVEY,
Washington, October 4, 1913.
Sir: I have the honor to submit the annual report of progress in
the Coast and Geodetic Survey for the fiscal year ended June 30,
1913. It is accompanied by maps illustrating the general advance
in the field work of the Survey up to that date.

GENERAL STATEMENTS OF PROGRESS.

During the fiscal year ended June 30, 1913, satisfactory progress
was made in the survey of the coasts ‘and in the interior of the
United States and of territories under the jurisdiction of the United
States, although in some localities, notably on the coast of Alaska,
the weather conditions during the greater part of the working season
were unfavorable for the rapid prosecution of field work.

HYDROGRAPHIC WORK.

On the Atlantic coast most of the hydrographic work done was in
the nature of revision to show changes that have taken place in
natural or artificial features, to investigate reported dangers, and to
supplement former surveys found inadequate for the requirements
of modern navigation. The examination with the wire drag of
important harbors and channels has been continued, and this work
has amply justified itself by the large number of previously uncharted
rocks and shoals that have been discovered. Necessity for similar
work on the Pacific coast has led to a supplemental estimate under
the head of “ Party expenses, Pacific coast” in order that funds
may be provided for this important object.

The steamer Bache was employed on the coasts of Georgia, Florida,
Delaware, Maryland, and South Carolina; the steamer Zndeavor in
Chesapeake Bay, on the coast of North Carolina and in Narragansett
Bay; the steamer Hydrographer in coast pilot work between Key
\Vest Fla., and Chesapeake Bay and on the coast of North Caro-
lina; and the schooner Matchless on the survey of the Mattaponi,
Pamunkey, and Elizabeth Rivers, Va.

b5



6 REPORT OF SUPERINTENDENT, COAST AND GEODETIC SURVEY.

Several parties were engaged in the revision of surveys on the
Atlantic coast and an officer with headquarters at New York has
acted as inspector of the section of coast between Rhode Island and
New Jersey.

On the Pacific coast of the United States the steamer Gedney was
employed during the winter months in revising the hydrography of
Olympia Harbor, Bellingham Bay, and other harbors on the coast
of Washington. An officer stationed at Seattle was engaged in in-
specion duty on the coast of Washington and Oregon, and another
with headquarters at San Francisco performed similar duty on the
coast of California.

In Alaska surveys have been made in Tlevak Strait, Prince of
Wales Island, Karta Bay, Kasook Inlet, Sukkwan Narrows, San Cris-
toval Channel, and Ulloa Channel; Turnagain Arm, Cook Inlet;
Sumner Strait; approaches to Kuskokwim River; Aialik Bay and
approaches and Nakat Harbor; between Naked Island and Port
Wells, Prince William Sound; in Clarence Strait; Klawak Inlet;
Knights Island Passage; Culross Island to Port Nelly Juan; Burnett
Tnlet and Davidson In%et, Unimak Pass, including Shumagin Islands,
and a search was made for Leonard and Anderson rocks. The
steamers Patterson, Gedney, McArthur, Explorer, Takw, and Yukon
were employed on surveys in Alaska during the season available for
work. During the winter months the steamer Patterson was em-
ployed in hydrographic surveys on the coast of Maui, and off the
west coast of Molokai, Hawaiian Islands.

An important work in Alaska was the survey of Tlevak Strait,
Prince of Wales Island, which has made available a passage hitherto
feared and avoided by navigators. By its use steamer routes may be
considerably shortened.

In the Philippines the general survey of the islands has been con-
tinued by the Coast and Geodetic Survey steamer Pathfinder and by
the steamers Marinduque, Research, Romblon, and Fathomer, sup-
plied for the purpose by the insular government, the expenses of the
work being divided between the United States and the insular govern-
ment.

Surveys. were made by the vessels named on the southeast coast of
‘Mindanao and the southwest eoast of Negros; on the Apo Reef and
Busuanga Island, and between the Cuyos Islands and Palawan; in
Ragay Gulf, southwestern Luzon, on the west coast of Mindanao
and the west coast of Mindoro; in the area bounded by Luzon, Burias,
Masbate, and Tablas Islands, in the vicinity of the Lubang Islands
and the Calamianes group; and in the area bounded by Samar, Leyte,
Biliran, and Masbate Islands.

GEODETIC, MAGNETIC, AND TIDAL WORK.,

Two triangulation parties and a separate signal building party
were employed on the primary triangulation along the one hundred
and fourth meridian from the vicinity of Colorado Springs, Colo.,
to the Canadian boundary. This arc of triangulation, extending for
a distance of 720 miles and involving the occupation of 100 primary
stations, was completed in a single season.

A party was engaged in making a reconnoissance for the extension
of the primary triangulation of the ninety-eighth meridian from
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Alice, Tex., to the Mexican boundary, and another party was em-
ployed in the execution of this triangulation which will connect
with that executed by the Mexican Government.

One party revised the triangulation on the coast of Louisiana in the
vicinity of Cote Blanche and Atchafalaya Bay, and another the
triangulation of Laguna Madre, Tex.

A secondary triangulation along the coast of Washington was

begun.

%lwo parties were employed in running a line of precise levels be-
tween Crookston, Minn., and Butte, Mont., and one party was em-
ployed in running a line of precise levels between San Francisco, Cal.,
and Beowawe, Nev. Determinations of the ditference of longitude
were made by two cooperating observers at stations near the one
hundred and fourth meridian in Nebraska, Colorado, Wyoming, and
Montana.

Several parties were employed in determining the positions of aids
to navigation and of wireless telegraph stations along the Atlantic
and Pacific coasts, as requested by the Bureau of Navigation of the
Department of Commerce.

The inspector of geodetic work inspected the operations of the
triangulation parties engaged in the connection of the ninety-eighth
meridian triangulation with that of the Mexican Government.

The usual absolute-observations for magnetic declination, dip, and
intensity were recorded during the year at the magnetic observatories
maintained by the Survey at Cheltenham, Md.; Tucson, Ariz.;
Vieques, P. R.; Sitka, Alaska, and Honolulu, Hawaii. Seismograph
records were obtained at these observatories, and daily meteorological
observations made in cooperation with the Weather Bureau. Special
rapid-rate registration was maintained on certain term days in com-
pliance with the plans adopted for international cooperation. Mag-
netic observations were made in the field at a large number of sta-
tions in the United States and in the Philippine Islands, and me-
ridian lines were established where desired by local authorities. Ves-
sels of the Survey are provided with instruments for making magnetic
observations both at sea and on land and a large amount of valuable
information is gathered in connection with the prosecution of sur-
veys ashore and afloat.

The demand for magnetic data on the part of engineers, surveyors,
and municipalities interested in local surveys or projects for im-
provements is a constant one. Much information of this kind is
available in printed form, but much is furnished by transcripts from
manuscript records.

Tide observations were made in connection with hydrographic sur-
veys and at regular tide stations at Portland, Me.; Fort Hamilton,
N. Y.; Atlantic City, N. J.; Philadelphia, Pa.; Baltimore, Md.;
Fernandina, Fla.; Galveston, Tex.; San Diego and San Francisco,
Cal.; Seattle, Wash.; and Juneau, Alaska. Tidal indicators were
maintained at Fort Hamilton, N. Y.; at New York City; and at
Reedy Island, Delaware River. ,

Through the cooperation of the Bureau of Lighthouses current ob-
servations were made at a number of light vessels along the Atlantic
coast. Similar observations were made when practicable by the
hydrographic parties of the Survey.
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INTERNATIONAL BOUNDARIES.

UNITED STATES AND CANADA BOUNDARY.

On the boundary between the United States and Canada east of the
summit of the Rocky Mountains from the Red River of the North to
Lake of the Woods the party engaged in topography, vista cutting,
leveling, and interpolation of monument sites advanced the topogra-
phy for a distance of 95 miles along the boundary ; and the vista cut-
ting for a distance of 82 miles; 102 miles of boundary were located
and 155.5 miles of levels run.

The party engaged in triangulation on this portion of the boundary
occupied 24 triangulation stations and completed 550 square miles
of triangulation, a distance along the boundary of 87 miles. The
triangulation of Lake of the Woods was completed by June 20,
1913. A base line was measured near Fort Frances, Ontario, and a
rapid reconnoissance was made with a view to the extension of the
triangulation as far as the mouth of Rainy River. Seventy-five
monuments were set on the boundary during the season of 1912. The
north and south boundary to its intersection with the boundary run-
ning southeastward was located and marked in the spring of 1913
with reference monuments. The north and south line was measured
twice with an invar tape. Eleven triangulation stations were occu-
pied in May and June, 1913. A Canadian party, to which an Ameri-
can surveyor was attached, was at work during the season of 1912
from the northwest angle of Lake of the Woods to the southward.
The triangulation was extended down the lake for a distance of about
95 miles ; reference marks were established, and a hydrographic sur-
vey of the lake along the boundary was made by the American
surveyor. Work in this locality was resumed May 27, 1913, at Bear
Island, Ontario, and was in progress at the close of the fiscal year.

The party working between Pigeon River and Lake of the Woods
during the season of 1912 carried the triangulation and topography
from Round Lake to the western end of Knife Lake, a distance of
about 35 miles. Twelve topographic sheets were complete.

Work was resumed in the spring of 1913, and by June 30, 50 square
miles of triangulation and 78 square miles of topography had been
completed, covering a distance along the boundary of 64 miles.

The party at work on the survey and monumenting of the north-
eastern boundary between Maine and New Brunswick completed the
measurement of 31.5 miles of boundary with invar tape, ran 37 miles
of levels, and surveyed 42.39 square miles of topography, included
on six topographic sheets. A lane 30 feet in width was cut through
the dense forest along this portion of the boundary. The monuments
set by the commission of 1842 were reset and additional monuments
were interpolated where necessary.

The party engaged in the survey of the boundary in the valley of
the St. Croix River completed 18 square miles of triangulation and
9 square miles of topography included on four topographic sheets.
This work was done during the season of 1912. In the latter part of
June, 1913, work was resumed and marks were placed, to which that
portion of the boundary formed by Monument Stream was referred.
A plane-table survey was commenced at the initial monument to show
in detail the shore line of Monument Stream. Work was in progress
at the close of the fiscal year.
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ALASKA BOUNDARY.

During the season of 1912 the line tracing of the one hundred and
forty-first meridian boundary was carried from latitude 69° 20" to
the shores of the Arctic Ocean in latitude 69° 39’, a distance of 22
miles.

In the same season the triangulation was completed from latitude
68° 54’ to the Arctic Ocean, 51 miles, and was extended eastward
along the shore for 25 miles, to determine the relation of the ter-
minal monument to the shore line.

Topography was carried northward along the meridian by one
double topographic party from latitude 69° 04" to latitude 69° 39, a
distance of 40} miles, and was then expanded westward along the
coast to longitude 141° 30" and eastward to longitude 140° 48’.
This topography takes in the natural features nearest the boundary,
including Icy Reef, Beaufort Bay, and Demarcation Point to the
west, and Clarence Bay to the east.

Vista cutting and stadia measurements were carried on from lati-
tude 68° 507 40"’ to the ocean coast, a distance of 58 miles. Another
vista cutting and stadia party operated south of the Porcupine River
for a distance of 33 miles, connecting with the work completed in 1911.

The final monumenting north of the Porcupine River was com-
pleted to the Arctic Ocean from latitude 68° 30" where it terminated
in 1911, a distance of 80 miles, and south of the Porcupine, over 78
miles. In all 56 monuments were placed in 1912.

The monuments were inspected and numbered from the Arctic coast
to the Yukon River, the most northerly monument being No. 1.
From the Arctic Ocean to the Yukon River there are 115 monuments
in a distance of 344 miles, or an average of one monument to 3 miles.

The demarcation of the boundary line has therefore been completed
north of the Yukon River. Between the Yukon and Mount Natazhat
there remains only the inspection and numbering of the monuments,
which it is expected will be completed during the present season.

In June, 1913, preparations were made for a joint inspection of the
boundary monuments south of the Yukon River by an American and
a Canadian surveyor, but owing to various delays work was not
begun until June 27.

South of Mount Natazhat the boundary extends to the vicinity of
Mount St. Elias, a distance of 84 miles in a very difficult mountainous
region. A triangulation party and a topographic party were sent in
1912 to make surveys preliminary to defining the line in this region.
Triangulation was carried from stations which had been established
in Scolai Pass in 1909 down Scolai Creek, across country to the Chi-
tina River, and up the Chitina River to within about 30 miles of the
boundary, a distance altogether of about 90 miles. Plane-table to-
pography was carried across the boundary from the mouth of the
Canyon Creek on the Chitina, up the valley of the latter, taking in
the top of the ridges on either side, and photographs were taken from
which a considerable additional area can be plotted.

In May, 1913, a base line was measured, and arrangements were
made for extending the triangulation up the Logan glacier. By
June 1 the reconnoissance was completed to within 8 miles of the
boundary, where progress was delayed by a heavy snow fall.
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A topographic party took the field in the Mount Natazhat region
in April, 1913. By June 30 about 100 square miles of topography
had been surveyed.

The survey and monumenting of the water boundary on Portland
Canal was conducted by a Canadian party to which an American
surveyor was attached. A scheme of triangulation is being extended
along Portland Canal and the topography of the adjacent shores is
being mapped. Permanent reference monuments are placed on both
sides of the canal and these are connected with the triangulation.
During the season of 1912 the triangulation was extended for a dis-
tance of about 64 miles, and 31 reference monuments were placed.
Field work was resumed at the end of May, 1913, and was in progress
at the close of the fiscal year.

SPECIAL SURVEYS.

Requests were received for special surveys in the following locali-
ties: West Penobscot Bay, Me.; Rockland, Me.; Piscataqua River,
N. H.; Weymouth Fore River, Mass. ; Nantucket Shoals, Mass. ; shores
of Marthas Vineyard, Mass.; Point Judith Harbor of Refuge, R. I.;
East River, N. Y.; Greater and Little Peconic Bays, Long Island,
N. Y.; outer and inner harbors of Delaware Breakwater, Del. ; survey
of grounds of Hygienic Laboratory, Washington, D. C.; location of
line of Florida Avenue, Washington, D. C.; special triangulation in
District of Columbia ; special hydrographic examination to determine
extent of pollution of water in Potomac River, Md. and Va.; Hog
Island Bay, Va.; channels at entrance to Chesapeake Bay, Va.; deter-
mination of position of objects on the north shore of Hampton Roads,
Va.; Sheephead Rock, N. C.; determination of position of aids to
navigation in St. Johns River, Fla.; Tampa Bay, Fla.; Mississippi
Delta, Miss. ; Angel Island, Cal.; Yaquina Bay, Oreg.; Halibut Bank,
southwest of Newport, Oreg.; Culross and Perry Islands, Alaska;
Chicagof and Lisianski Straits, Alaska ; Shumagin Islands and Inis-
kin Bay, Alaska; and determination of position of wireless stations
on the Atlantic and-Pacific coasts.

DANGERS TO NAVIGATION.

Dangers to navigation were discovered, investigated, or reported as
follows: Rocks near shore line in Narragansett Bay, R. I.; in channel
near Plum Beach Light House; near Hope Island, and in entrance
to Wickford Harbor, R. I.; shoal near Beaufort Inlet, N. C., and
shoaling in channel between Beaufort Inlet and Core and Bogue
Sounds; reported shoal near Cape Lookout, N. C.; channels near
Hog Island shoal, Narragansett Bay; shoals on coast of North Caro-
lina and Virginia; shoals and rocks in Block Island Sound; shoal
near Point Judith on which U. S. S. Nebraska struck; rocks in Buz-
zards Bay, Mass.; shoals in Key West Harbor, Fla.; reported shoal
near Winter Quarter Shoal Light Vessel ; reported shoal northeast-
ward from Cape Henry; wreck on Long Reef, Fla.; reported shoals
off Jupiter Inlet and off St. Lucie Island, Fla.; wreck of the Condor
off Carolina Shoal Beach; Weymouth Fore River, Mass.; reported
shoal west of the Graves Light House; reported changes in Pollock Rip
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Slue; shoal in Great Round Shoal Channel; reported shoaling in
channel between Pollock Rip and Shovelful Light vessels; wreck
of the Luckenbach in Chesapeake Bay; rock off Fish Egg Island,
Alaska, on which the steamer Cwracao grounded; rock in Tonawek
Bay, Alaska, on which the Curacao was wrecked ; rock at entrance to
Coal Bay, Alaska; search for Leonard and Andersoun rocks; shoals
in approaches to Kuskokwim River; shoal in Port Wells, Alaska;
rock near Perry Island Passage; reported rock nead Wedge Island,
Clarence Strait, Alaska; reef southwest of Dall Head, Alaska; reefs
near Cresto de Gallo Island, P. I.; rocks in channel running over Apo
Reef, P. 1.; shoals in region between Panay and Palawan, P. 1.

OFFICE WORK.

The work of the Coast and Geodetic Survey office includes, besides
administrative details, all operations necessary for the preparation
and publication of charts, coast pilots, tide tables, notices to mariners,
reports and special publications which give the results of triangula-
tion, precise leveling, and magnetic work, except printing and bind-
ing, which is done at the Government Printing Office. These opera-
tions include the reduction and plotting of results obtained in the
field, computing, drawing, engraving, lithographing, photographing
electrotyping, and chart printing. Instruments used by the field
parties are repaired and in some cases constructed in the office, which
has a complete equipment for mechanical work.

The proceeds of sales of charts and publications during the year
amounted to $15,709.88, and miscellaneous receipts (work done for
outside parties, sale of property, ete.) to $1,016.84, making a total of
$16,726.72, which was duly covered into the Treasury.

OFFICE OF INSPECTOR OF HYDROGRAPHY AND TOPOGRAPHY.

The Inspector of Hydrography and Topography supervises the
field work of parties on the surveying vessels and all other hydro-
graphic and topographic work, including coast pilot work in field
and office. He prepares plans for field work and instructions for the
chiefs of parties and recommends the approval of estimates and
changes in the personnel of vessels when necessary. He conducts the
routine work relating to the shipment of seamen and makes an ad-
ministrative examination of the accounts of the vessels. He reports
monthly the progress of work under his direction and the status
of the crews of vessels and of other employees not under civil-service
classification. He also personally inspects the repairs of the sur-
veying vessels on the Atlantic coast.

Work done in the office comprises compilation of the Coast Pilot,
proof reading, correcting existing editions, and other miscellaneous
details. The field work of the coast pilot party is referred to else-
where in this report.

VESSELS AND PARTIES.
The party on the steamer Bache was engaged in inshore and off-

shore hydrography between Charleston and Savannah, including St.
Andrews and Sapelo Sounds and Tybee and Port Royal entrances;
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and offshore work between Delaware and Chesapeake Bays. The
Bache was repaired at Boston between September 26 and October 27.

The steamer Zndeavor was at work on the hydrography of Chesa-
peake Bay from Kedges Strait northward; in Narragansett Bay,
R. I.; and between Cowpen Island, Core Inlet, and Morehead City,
N. C. Repairs to this vessel were made at Baltimore, between Novem-
ber 20 and January 2, and at Jersey City between May 19 and 24 and
June 24 and 30.

The steamer Hydrographer was employed on Coast Pilot revision
between Chesapeake Bay and Key West; detached hydrographic sur-
veys on the coast of Massachusetts and on the coast of North Caro-
lina in the region between Cowpen Island, Core Inlet, and More-
head City. The Hydrographer was repaired at Baltimore between
December 21 and January 20 and between June 19 and 30.

The party on the schooner Matchless completed a survey of the
Pamunkey River, Va., to the head of navigation and began a survey
of the southern and eastern branches of Elizabeth River. This sur-
vey was nearly completed by the end of the fiscal year. The Match-
less was repaired at Baltimore between July 1 and 23 and between
June 26 and 30.

Wire-drag work was done in the channel between Block Island,
R. 1., and Montauk Point, Long Island, N. Y.; in Buzzards Bay,
Mass.; at Key West, Fla.; and on the coast of Maine in the vicinity
of Matinicus Island.

A resurvey of the Delaware River from the House of Correction
Wharf at Trenton was completed and a survey of Newark Bay and
the Hackensack and Passaic Rivers was begun.

Chart-revision work was continued, including shore-line changes,
improvements and additions in vicinity of New York City; on Long
Island Sound eastward from Stamford, Conn.; on the coasts of
Maine and Massachusetts; and a survey was made of the dredged
channel between Great and Little Peconic Bays, Long Island, N. Y.
Preparations were begun at the close of the fiscal year for making
a series of current observations in the Potomac River.

An officer of the Survey continued to serve in cooperation with the
Maryland Shell Fish Commission and was engaged throughout the
year in the preparation for publication of maps, reports, and de-
seriptive data relating to the surveys and delineation of the oyster
grounds of the State. The same officer aided the Shell Fish Com-
mission of the State of Delaware in the preparation of a report of
their work.

Information was collected for the preparation of an inside route
pilot from Cape Sable, Fla., to New Orleans, La.

A hydrographic survey was begun of Piscataqua River and Great
Bay, N. H.

An officer of the Survey performed the duties of inspector for the
region between Narragansett Bay and Delaware Bay during the
year. Information was obtained by this officer for chart corrections
and notices to mariners and data relating to charts, tides, and sail-
ing directions has been supplied to navigators and others interested.
A revision was made of the shore line of Hog Island and portions of
Rhode Island and Bristol Island, and of the hydrography of the chan-
nel between Hog Island and Rhode Island and in the vicinity of Hog
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Island Shoal Light. The construction of certain boats for the use
of the Survey and of machinery and boilers for the same and the
collection of data relating to depths in channels and harbors were
among the varied duties performed by this officer whose headquarters
are at the New York Custom House.

The steamer Explorer was employed in the survey of the entrance
of the Kuskokwim River, Alaska. The Ewplorer was repaired at
Seattle and at the Puget Sound Navy Yard between January 20 and
the early part of April, and afterwards a radio apparatus was in-
stalled on the vessel.

The party on the steamer Gedney was engaged in surveys in
Kasook Inlet, Sukwan Strait, Tlevak Strait, and San Christoval
Channel, Alaska, and in revision work at Tacoma, Olympia, and
Seattle, Wash. The vessel was repaired at Winslow, Wash., between
February 24 and April 4.

The steamer M cArthur made hydrographic surveys in Cook Inlet,
of Aialik Bay, and offshore between Aialik and Resurrection Bays;
at Nakat Harbor and Burnett Inlet and at Iniskin Bay, Alaska.
The vessel was repaired between February 19 and April 15 at the
Puget Sound Navy Yard.

The steamer Patterson was employed on the triangulation and
topography of Clarence Strait, southeastern Alaska, and in the sur-
vey of the Shumagin Islands and Unimak Pass. During the winter
the vessel was engaged in the hydrography around the island of
Maui and off the west end of Molokai Island, Hawaiian Islands.
Temperatures of sea water were obtained both in going to Hawaii
and in returning. The Patterson was repaired at Seattle between
July 1 and August 2 and in November and May. In the latter
month a radio apparatus was installed on the vessel.

The steamer 7akw operated in the northwestern part of Prince
William Sound between Naked Island and Port Wells, and in the
north arm of Simpson Bay, thence southward toward Knights Island
Passage and westward from previous work to the mainland. The
T'aku was repaired at Cordova, Alaska, between April 2 and May 1.

The steamer Ywkon was employed on the survey of Turnagain
Arm, Cook Inlet, and in the approaches to the Kuskokwim River,
Alaska. The Yuwkon was repaired at Seldovia between April 23 and
May 10.

Revision work for the correction of charts was done at Blaine,
Bellingham, Anacortes, Neah Bay, Port Angeles, Port Townsend,
Richmond Beach, and Coupeville on Puget Sound.

The revision of the triangulation and topography of the island of
Maui was completed and that of the island of Hawaii was begun.
The work has been carried from Hilo around the northwest point of
the island of Kawaihae.

An officer of the Survey continued in charge of the suboffice at
San Francisco and as inspector for the coast of California. A
resurvey was made under his direction of the United States immigra-
tion station on Angel Island, San Francisco Bay.

An officer acting as inspector for the coasts of Oregon, Washing-
ton, and Alaska and in charge of the office at Seattle in addition to
other duties rendered valuable service in the preparation of specifica-
tions for repairs of vessels and of plans for a new launch for the



14 REPORT OF SUPERINTENDENT, COAST AND GEODETIC SURVREY.

steamer Paihfinder, in planning work for vessels in Alaska, and in
collecting and furnishing information useful to navigators and for
corrections to the charts,

PHILIPPINE ISLANDS.

An officer of the Survey detailed to duty as Director of Coast
Surveys, with headquarters at Manila, has direction of all field work
in the Philippine Islands. The details of this work are mentioned
elsewhere in this report.

The steamers Pathfinder, Fathomer, Romblon, Marinduque, and
Research, have been engaged in that work. Of these vessels all ex-
cept the Pathfinder are the property of the insular government, which
provides the crews and keeps the vessels in repair. The salaries of
the officers and the running expenses, including outfit, are paid by the
United States.

Congress having made an appropriation for extraordinary repairs
to the steamer Pathfinder she was taken to Hongkong, arriving
December 24. Extensive repairs were made, which were completed
on April 8, when the vessel returned to Manila.

The Pathfinder encountered several typhoons during the year, the
most severe of which occurred on October 16, when she was lying at
Cebu. Both of her launches were cragged from their moorings and
swamped. One was recovered without serious damage ; the other was
lost.

On November 6 the steamer Marindugue during a typhoon was
driven on shore of a small island east of Palawan and seriously
damaged, necessitating extensive repairs.

OFFICE OF INSPECTOR OF GEODETIC WORK.

The duties of inspector, conducted at the office in Washington and
in the field, consist in the supervision of the work of the parties of
the Survey engaged in geodetic operations in the field, the discussion
and preparation for publication of the results obtained, and the in-
vestigation of scientific problems based upon such results.

The inspector assisted the International Boundary Commission by
inspecting the records and computations of triangulation and the
reports of the field parties engaged in the survey of the boundaries.

As one of the delegates on the part of the United States he at-
tended the meeting of the International Geodetic Association at Ham-
burg, Germany.

A field inspection was made of the work of the parties engaged in
triangulation in Texas and Louisiana.

An important work completed during the year is the triangulation
along the one hundred and fourth meridian from the transcontinental
triangulation in the vicinity of Denver, Colo., northward to the
Canadian boundary, and connecting at various points with State
boundaries, with the triangulation of the United States Geological
Survey at one point with the triangulation of the Missouri River
Commission, and with bench marks established by the United States
Geological Survey, by several railroads, and by the Coast and Geo-
detic Survey.
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Two parties were engaged in this triangulation, which was begun
May 10, 1912, and finished December 4, 1912. Two base lines, ag-
gregating about 25 kilometers in length, were measured and 14
astronomical azimuths were observed. The scheme of this triangula-
tion extends over 720 miles and covers an area of about 17,000 square
miles. Kighty-two primary and 19 secondary stations were occupied
and 133 geographic positions were determined. The reconnoissance
and signal building for this work were completed in the summer of
1911

Another event of great importance was the completion of the tri-
angulation along the ninety-eighth meridian from Alice, Tex., to
the Mexican boundary, a distance of 150 miles and covering an
area of about 1,300 square miles. Thirty-four stations were occupied
in the main scheme and 72 geographic positions were determined.
In the month of April 15 primary stations were occupied. This is
the greatest number ever occupied in one month by a single party
in this country and has probably not been equaled elsewhere. The.
reconnoisance and signal building were conducted by a separate
party. '

This triangulation connects with the coast triangulation at Point
Isabel, Tex., and it will finally be connected with the primary triangu-
lation of Mexico, which extends across that country from the Pacific
Ocean to the Rio Grande approximately along the ninety-eighth
meridian. In connection with this work a determination was made
of the difference of longitude between Austin and Donna, Tex.

A line of precise levels was completed from San Francisco, Cal.,
along the line of the Southern Pacific Railway to Brigham, Utah.
The levels are connected with tidal bench marks at San Francisco
and with precise level bench marks previously established at
Brigham.

The fact that the Geodetic Commissions of Mexico and Canada
have adopted the same datum and spheroid used in trigonometric
surveys in the United States gives to this datum an international
character. Its designation has accordingly been changed from
United States standard datum to the North American datum.

Other work done during the year was the revision of triangula-
tion and the determination of geographic positions of aids to navi-
gation, the determination of the positions of wireless towers along
the Atlantic and Pacific coasts, the telegraphic determination of dif-
ference of longitude between Omaha, Nebr., and five stations on the
one hundred and fourth meridian, and the beginning of a secondary
triangulation along the coast of Washington and of a line of levels
between Crookston, Minn., and Butte, Mont., and the preparation
for remeasurement of the El Paso base in Colorado.

Six new publications relating to geodetic work were issued during
the year. These are listed under the head of “Publications” in
another portion of this report. The manuscript of these publica-
tions was nearly all prepared before the beginning of the fiscal year,
1913.

The manuscript of a report on the triangulation of the west coast
of Florida was sent to the printer before the close of the year. A
publication on the precise level net in the United States and a report
on the triangulation of the coast of Texas were nearly completed.
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OFFICE OF INSPECTOR OF MAGNETIC WORK.

The duties of this officer are to plan magnetic work to be carried
out in the United States and outlying territory under the jurisdiction
of the United States, to inspect magnetic work in the field, and at
magnetic observatories; to recommend changes in the personnel and
salaries of magnetic observers; to recommend the purchase or con-
struction of new magnetic instruments or alterations of old ones
when required, or the designing of new ones; to recommend changes
in the design of instruments or methods of observing to secure bet-
ter results or save time; and to supervise the planning and construc-
tion of buildings for magnetic observations.

In October the Cheltenham Observatory was inspected and in
March the Porto Rico Observatory was visited and inspected under
instructions from the Superintendent. All other inspection work
during the year was performed at the office by the current examina-
tions of the records and reports from chiefs of magnetic parties and
others engaged in magnetic work. Detailed instructions were pre-
pared for the guidance of magnetic observers in the execution of the
field and observatory work and computations.

The magnetic observatories at Cheltenham, Md.; Tucson, Ariz.;
Honolulu, Hawaii; Sitka, Alaska; and Vieques, P. R., were in opera-
tion throughout the year. Seismographs were kept in operation and
meteorological observations were made at all of the observatories.

Special rapid-rate registration was carried out on specified-term
days, each month in conformity with requests for international co-
operation in connection with the Australasian Antarctic expedition
engaged in magnetic observational work in the Antarctic regions. At
the request of the Batavia, Java, magnetic observatory special rapid-
rate registration was carried out at specified-term hours during the
month of October for the purpose of securing additional data for the
study of the rate of propagation of magnetic disturbances.

All of the instruments used in field magnetic work during the year
were standardized at the Cheltenham Observatory and special obser-
vations and comparisons were made for determining the constants
of various instruments.

Further instruction was given at the Cheltenham Observatory to
an observer preparing to go with the Crocker land expedition and to a
newly appointed magnetic observer of the Coast and Geodetic Survey.

Necessary repairs and alterations were made to the observatory
buildings where required.

MAGNETIC WORK ON LAND.

The magnetic elements (declination, dip, and horizontal intensity)
were determined at 245 stations. The stations were distributed, in
accordance with most urgent needs, over 28 States and Territories
and outlying territory under the jurisdiction of the United States,
and one foreign country, as shown in the table following. Forty-
eight “ repeat ” stations were occupied during the year for the pur-
pose of obtaining observational data for maintaining adequate in-
formation of the secular change of the magnetic elements, especially
of the magnetic declination. The magnetic work in the Philippines,
mentioned in my last report, was concluded in January, 1913.
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SUMMARY oF RESULTS ON LAND.

01d lo- :
: i Declina- : Inten-
States. L&gzh— Stations. c?él‘fé?s tion mls)ulﬁs sit,

. cupied. results. * | results.
o T SR S Bt A T Y S 4 4 1 4 4 4
L L N TR 17 17 1 17 2 2
...... 1 1 1 2 2 2
18 18 1 18 18 18
3 3 ] 3 3 3
5 5 1 5 5 5
2 2 0 2 2 2
10 10 3 10 10 10
i 1 1 1 1 1,
21 22 3 22 22 22
11 1 1 7 5 5
4 4 1 4 4 4
...... 2 2 0 2 2 2
...... 6 6 0 6 6 6
...... 16 16 1 16 16 16
...... 5 5 2 5 5 5
7 7 0 7 7 7
6 6 & 6 6 6
3 3 1 3 3 3
14 14 3 14 14 14
Pennsylv: 8 10 3 10 10 10
Philippine Islands. 20 23 14 23 23 23
South Dakota..... 3 3 1 3 3 3
PONIRIROD. - - - sevmwmsivecsnmras 9 9 0 9 9 9
T T S RO (e 30 31 2 31 31 31
T T N T 18 18 2 18 14 14
S T NP 11 1 1 I 1 1
West Virginia. ... ;! 1 0 ¥ 1 4
British Columbia.. s T 1 1 1 i 2 2
o 1 R N SV S 4| 1 1 1 0 0
L e e e RN 238 245 48 252 231 231

The magnetic work done at sea by the vessels of the Survey was,
as in past years, incidental to the regular surveying duties upon
which they were engaged, and the magnetic observations were made
when the vessels were en route to or from their working grounds, or
where opportunity offered on the working grounds. The sea results
are not so numerous as in past years, due largely to the fact that the
ships have recently covered little new territory. The following table
shows (approximately) the amount of magnetic work carried out on
board ship during the year, several of the vessels under instructions
for magnetic work not having yet reported the work done during the
first half of this calendar year:

SUMMARY OF RESULTS AT SEA.

Results from swings. Declina-
’ tion results
Vessels. General region. from course

Declina- Di Inten- | observa-

tion. Bty tions.

Hydro, er Atlantic coast.........--.... 5 0 0 0
Pg:‘,tersgor:?} ......... -..| Pacific coast Y. 1 1 | 0
Gedney... P 1 0 0
McArthur. 0 0 0
Explorer. . 1 1 0
R o e Hbs L s e o 1A (1] 0 0
sy L AR LI [ P 6 Tt P S R e KON e R IS B 5 sty D 1S M Lt

All of the vessels of the service that are suitable for it are in-
structed during each season to make such magnetic observations, espe-
14877°—13——2
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cially the magnetic declination, as there is opportunity for doing,
either at sea or on land, where the weather conditions and the require-
ments of their regular duties permit. The Patterson and Ewplorer
on the Pacific coast are supplied with sea-dip circles for determination
of dip and intensity at sea, and they are also equipped with mag-
netometers for magnetic work on land. The Bache has not had a dip
circle during the year. One of the needles of the Bache’s dip circle
was broken over a year ago and since that time this office has been
experimenting in the construction of dip needles for this instrument,
with the intention of ultimately being able to make suitable dip
needles here and thus avoid the necessity of having to send to Europe
for them with the consequent long delays in getting them.

APPROPRIATIONS AND DISBURSEMENTS.

The total appropriation made by Congress in the sundry civil act
for the fiscal year ending June 30, 1913, for the Coast and Geodetic
Survey was $1,022,720, divided as follows:

Field expenses _____ e U e DL YRS LR o ey LS L $314, 400
Repairs and maintenance of vessels________ . ___. __ _ . ______ 40, 000
Extraordinary repairs of steamer Pathfinder_______________________ 20, 000
Officers and men, vessels______________________ o __ 245, 000
Bay offeld offlcers = o e e e 160, 200
Haytoftofficelforcet Nt ast i IS OE TN =I0N Ee i e T U 193, 120
Office /expenses: = e e sia i el b e e e et T 50, 000

T OTAL S SN P S N S BRSNS D S D) R I L 1, 022, 720

The deficiency act for 1913 contained two items for the Coast and
Geodetic Survey, namely :

Repairs and maintenance of vessels:

For installation of wireless apparatus on three vessels_____________ $9, 000
For rewiring the Coast and Geodetic Survey byildings_____________ 4, 300
O L e e S e L D - 13,300

The statement of disbursements required by law to be made an-
nually to Congress and published as a separate document gives an
account of the names and number of employees of different classes
employed on the work, the amount of their salary or compensation,
the length of time employed, to whom payments were made under the
different items of appropriation and on what account, and the balances
left of the amounts appropriated for the fiscal year.

PUBLICATIONS.

The following publications of the Coast and Geodetic Survey were
received from the printer during the fiscal year 1913:

Results of observations made at the Coast and Geodetic Survey magnetic
observatory at Vieques, P. R., 1909-10; by Daniel L. Hazard, 1912. 10 charts.
94 pp. 4to.

Same: Sitka, Alaska, 1909-10; by Daniel L. Hazard. 21 charts. 96 pp. 4to.

Same: Tucson, Ariz, 1909-10; by Daniel L. Hazard. 5 charts. 2 text fig.
59 pp. 4to.

Catalogue of charts, coast pilots, and tide tables, 1912. 86 text fig. 228 pp. 4to.

Effect of topography and isostatic compensation upon intensity of gravity,
2d paper; by William Bowie, 1912. (Special publication No. 12.) 5 maps in
pocket. 28 pp. 4to.
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Geodetic operations in the United States, 1909-12, report to 17th conference of
International Geodetic Association (Hamburg, Germany, Sept., 1912, with list
of geodetic publications by Coast and Geodetic Survey since Jan. 1, 1909) ; by
O. H. Tittmann, 1912. 3 pl. 18 pp. 4to.

Texas-California arc of primary triangulation; by William Bowie, 1912.
(Special publication No. 11.) 2 pl. 6 pp. of pl. 141 pp. 4to.

Survey of oyster bars, description of boundaries and landmarks, and report
of work of Coast and Geodetic Survey in cooperation with Bureau of Fisheries
and Maryland Shell Fish Commission; by C. C. Yates, 1912 [each large 8vo.,
with large map]:

Talbot County, Md. 250 pp.

Dorchester County, Md. 180 pp.

Statement of expenditures in Coast and Geodetic Survey, fiscal year 1912,
Jan. 16, 1913. (H. Doc. 1271.) 14 pp. 8vo.

Inside route pilot, New York to Key West, 1912 [by Herbert C. Graves and
W. E. Parker]. 8 maps in pocket. 62 pp. large 8vo.

Annual report of Superintendent, fiscal year 1912. Portfolio of 9 maps. 1
diag. 106 pp. 8vo.

Same (H. Doc. 966).

Inland waterway, Atlantic coast. 2 pp. 8vo.

Regulations and instructions for government of Coast and Geodetic Survey,
1913. 83 pp. 8vo.

California-Washington are of primary triangulation; by A. I. Baldwin, 1913.
(Special publication No. 13.) 7 text fig. 78 pp. 4to.

Determination of time, longitude, latitude, and azimuth; by William Bowie.
5th edition,1913. (Special publication No.14.) 8 pl. 18 pp.of pl. 177 pp. 4to.

United States coast pilot, Atlantic coast: pts. 1, 2, St. Croix River to Cape Ann
[supplement to 3d edition]. May 27, 1913. 5 1. large 8Svo.

Same: pt. 3, Cape Ann to Point Judith [supplement to 3d edition]. May 20,
1913. 4 1. large 8vo.

Same: pt. 4, Point Judith to New York [supplement to 5th edition]. Apr. 22,
1913. 8 1. large 8vo.

Same: pt. 5, New York to Chesapeake Bay entrance [supplement to 4th edi-
tion]. May 12, 1913. 7 1. large 8vo.

Same: pt. 6, Chesapeake Bay and tributaries [compiled by Edwin H. Tillman
and John Ross]. 4th edition [revised by Herbert C. Graves]. 1913. 2 maps.
5 text fig. 162 pp. large 8vo.

Same: pt. 8, Gulf of Mexico from Key West to Rio Grande [supplement to 3d
edition]. May 12, 1913. 9 1. large 8vo.

United States coast pilot, Pacific coast: California, Oregon, and Washington
[supplement to 2d edition]. May 12, 1913. 8 1. large 8Svo.

Same: Alaska, pt. 1, Dixon Entrance to Yakutat Bay, with inland passage
from Juan de Fuca Strait to Dixon Entrance. 5th edition. 9 pl. 4 text fig.
[Reprint.] large 8vo.

Same, supplement. May 20, 1913. 12 1. large 8vo.

A number of other publications were in press or in course of prepa-
ration for publication at the close of the year.

The total cost of printing and binding for the Coast and Geodetic
Survey, including blank forms and miscellaneous job printing for the
year, payable from the appropriation for printing and binding for
the Department of Commerce, was $26,526.52.

ECONOMY AND EFFICIENCY.

A large amount of the time of officers and employees of the Coast
and Geodetic Survey was devoted during the year to the preparation
of statistical and other information called for by the President’s Com-
mission on Economy and Efficiency. An analysis was made of the
expenditures of the Survey and special estimates were prepared in
a form requested by the commission. An itemized statement was
made of the expenditures for transportation and a number of special
reports were prepared.,
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SPECIAL DUTY.

International Geodetic Association~The Superintendent con-
tinued to supervise the operations of the observatories maintained by
the International Geodetic Association at Gaithersburg, Md., and
Ukiah, Cal.; and the Superintendent and the inspector of geodetic
work, as delegates on the part of the United States, attended the
meeting of the association at Hamburg, Germany, in October, 1912.

Board on life-saving appliances—The Superintendent is chairman
of the board appointed by the Secretary of the Treasury to examine
and report upon life-saving appliances.

Mississippi River Commission.—An officer of the Survey, in addi-
‘tion to other duties, has continued to serve as a member of the Mis-
sissippi River Commission.

Maryland Shell Fish Commission—An officer detailed for duty
with the Maryland Shell Fish Commission continued on duty in
charge of office work and the preparation of maps, reports, and pub-
lications. Assistance was rendered by the same officer to the Oyster
Survey Commission of the State of Delaware without expense to the
Federal Government.

Two officers of the Survey were detailed to represent the Depart-
ment of Commerce at the conference of port authorities. Both of
these officers were in attendance at the meeting in New York and one
of them also attended the meetings of the conference at Boston,
Philadelphia, and Baltimore.

ASSISTANCE RENDERED IN SAVING LIFE OR PROPERTY.

On October 7 the steamer Hydrographer, on her way from Pollock
Rip to Boston, sighted a stranded four-masted schooner just south
of the Marconi Towers, Cape Cod, and went to her assistance. She
was loaded to 21 feet with coal. The Hydrographer at first alone
and then with the assistance of the U. S. S. Cyrus W. Field managed
to move her a little, but was unable to dislodge her. Through the
Field’s wireless apparatus the revenue cutter Gresham was notified,
and with two life-saving crews standing by the schooner the Hydrog-
rapher proceeded on her way to Boston. The Gresham was ex-
pected in time for the high water of that evening.

The Hydrographer also rendered assistance to the schooner Sallie
Purnell Beswick, which went aground in North Landing River, N. C.

The Pacific Coast Steamship Co.’s steamer Cwracao, which ran
aground on a bowlder spit near Fish Egg Island, Alaska, was assisted
in getting afloat by the Coast and Geodetic Survey steamer Gedney
and launch Cosmos. Afterwards when the Curdcao was wrecked in
Tonawek Bay the Gedney took off the passengers and crew and con-
veyed them to Ketchikan, 140 miles distant, the nearest port of call
for steamships.

A very severe typhoon passed over the southern part of Samar,
Leyte, Cebu, and the northern part of Negros on October 15 and 16.
Hundreds of lives were lost and shipping and property were de-
stroyed in its path. The steamer Pathfinder rode out the storm in
safety in Cebu Harbor, but 17 smaller merchant steamers foundered
or were beached. Two of the Pathfinder’s launches, although an-
chored in a protected part of the harbor, were swamped. One of
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these was afterwards recovered. Great praise was expressed by the
public for the heroic services rendered by a volunteer boat’s crew
from the Pathfinder in going to the rescue of shipwrecked sailors
during the height of the storm, although they knew they could not
return to their own vessel but would have to remain on shore until
the storm abated. Assistance was also rendered the steamer Lizarraga
which was sighted in distress and she was towed to a protected
anchorage.

The officers of the steamer Research aided in extinguishing what
might have been a serious fire on a new tugboat in the dock on Engi-
neers Island, Manila Bay. For. this service the officers of the
Research were thanked by the Director of Navigation of the Philip-
pine government.

DETAILS OF FIELD OPERATIONS.
ATtrantic Coasr.
MAINE.

[E. B. LATHAM.]

SUMMARY OF RESULTS.—Triangulation: 185 square miles of area covered, 22
signal poles erected, 13 old stations recovered, 7 stations searched for but not
found, 23 spires, lighthouses, etc., identified, 23 stations in main scheme and
19 in supplemental scheme occupied for horizontal measures, 88 geographic posi-
tions determined. Topography: 94 square miles of area revised and changes
noted but work incomplete, 6 topographic sheets partly revised.

On July 1 chart revision work was being done between Ipswich,
Mass., and York, Me. Revision work between Hampton Beach,
N. H., and York, Me., was continued until September 30, when work
between York and Portland Head was begun. The work of inspect-
in% and noting changes in the topography and search for old trian-

ation stations was first attended to, leaving the collection of plans,
ocal surveys, and data relating to new roads and railroads until the
time when the weather would be unfavorable for outside operations.
In December the compilation and plotting of the revised sheets south
of York were completed.

The triangulation station Mount Independence north of Portland
was recovered and marked.

During the calendar year 1912 the revision of the topography was
completed from York, Me., to the road just north of and parallel
with Saco River, excepting the towns of Kennebunkport, Cape Por-
poise, Biddeford, and Saco.

Chart revision between York and Portland Head Light was con-
tinued until April 9, by which time the work needed was nearly
completed.

MAINE, MASSACHUSETTS, CONNECTICUT, RHODE ISLAND, NEW YORK, AND
FLORIDA.

[N. H. Heck.]

SUMMARY oF RESULTS.—Triangulation: 444.5 square miles of area covered, 13
signal poles erected, 30 stations occupied for horizontal measures, 52 geographic
positions determined. Leveling: 17 elevations determined by leveling, 8 miles
of levels run. Hydrography: 169 square miles of area dragged, 416.8 miles run
with wire drag, 18,621 angles measured, 561 soundings, 5 tide stations estab-
lished, 5 hycrographic sheets finished.
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At the beginning of the fiscal year the wire-drag party was en-
gaged in work in Block Island Sound. Owing to lack of shelter
from the wind, strong tidal currents, the necessity of using distant
signals, frequent haze, and the large number of lobster pots which
had to be removed before the drag could be used, the conditions here
were found unfavorable for rapid progress.

The area dragged in Block Island Sound consisted of a ridge with
comparatively shoal water connecting Block Island and Long Island,
surrounded by deeper water on both sides. The general width of
the area in a north and south direction between the 10-fathom curves
is from 4 to 7 miles. An area of 46 square miles was dragged between
July 2 and September 24. A considerable number of uncharted bowl-
ders and sand ridges were located. The location of the deepest chan-
nel was determined, and a dangerous rock was located.

Under instructions of August 10 a survey was made of an un-
charted shoal in Block Island Sound to the westward of Point Judith,
R. I., on which the battleship Nebraska had struck on August 8.

A careful examination was made with the wire drag of the locality
mentioned, and a least depth of 21 feet was found on detached bowl-
ders. An extensive bowlder-strewn area was developed.

This shoal lies 11 miles from the north shore of Block Island Sound
and 44 miles west from Point Judith.

Tides were observed at two stations on Block Island. Soundings
were made in Trims Pond, Block Island, which has been connected
with Great Salt Pond since the original survey.

Changes in certain topographic features on Block Island were
determined.by the party. .

Triangulation was executed over an area of 84 square miles to
determine the position of additional objects to be used as signals
in Block Island Sound and of other objects useful as aids to naviga-
tion.

Between September 13 and November 20 the party was engaged
in the northern end of Buzzards Bay, with headquarters at Marion,
Mass.

An especial effort was made to determine the safest channel leading
to the Cape Cod Canal. An area of 28 square miles was covered.
The number of soundings taken, a large per cent of which represent
uncharted depths on bowlders or ledges, indicates the necessity for
this work.

A ridge of bowlders, with depths from 24 to 27 feet, was found to
the southeastward of Cormorant Ledge extending for about 2 miles at
right angles to the general direction of the bay. In the eastern part
of the bay extensive bowlder-strewn areas were developed with depths
from 14 to 20 feet.

Six stations were occupied and 11 objects determined by triangula-
tion for use as signals, 3 of which are prominent water towers. The
triangulation covered an area of 45 square miles.

Five old tidal stations were visited, at 3 of which the old bench
marks were recovered. Kight new bench marks were established.

Between January 4 and April 20 a wire-drag survey was made of
the channels at the entrance of the harbor of Key West, Fla.

The object of this work was to cover the areas not previously
dragged to a depth of 30 feet, to find the greatest safe depth that can
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be taken through each of the seven possible channels to Key West
not including the main ship channel or the west channel, and to find
the safe depths that can be taken over the inner reefs at various
points. A long drag, averaging 2,700 feet, was used throughout the
season, and a large number of shoals were found and dragged over.

The weather during the season was unfavorable for rapid progress.
Thirty-one square miles of area were covered, however, and 316
soundings were obtained, about 80 per cent of which were made on
uncharted shoals or shoals on which a less depth was found than had
been indicated on the charts. A new triangulation was executed,
many of the old stations having been destroyed by hurricanes. All
of the beacons, including the range beacons for entering the main
ship channel, were determined, as well as many prominent objects of
a permanent nature at Key West. The stations were all carefully
marked. Some verification work was done to ascertain the correct-
ness of topographic details on the chart.

Considerable improvement has been made in the methods of work
and equipment used in the drag work as the result of practical ex-
perience, and a complete description embodying these improvements
1s in course of preparation for publication.

On June 10 wire-drag work was begun near Matinicus, on the coast
of Maine, and was in progress at the close of the fiscal year.

MASSACHUSETTS.
[EARL F. CHURCH.]

In November the necessary observations were made for connecting
the triangulation of the Coast and Geodetic Survey with that of the
Corps of Engineers, United States Army, at Newburyport, Mass.

Preliminary to this work copies of triangulation data were obtained
from the office of the United States Engineers at Boston and from
the Harbor and Land Commission of Massachusetts concerning cer-
tain triangulation stations at Newburyport.

Four points of the United States Engineers’ survey of 1911 were
joined with three stations of the Coast and Geodetic Survey.

The location was determined by triangulation of Plum Island
Lighthouse and of Black Rock (Butler’s Toothpick) Beacon.

The Salisbury Beach wharf and range lights are located by the
Engineers’ survey with which the Coast and Geodetic Survey triangu-
Jation was connected, but sextant angles were taken to give approxi-
mate determination of Salisbury Beach range lights and of the point
on Salisbury Beach wharf, where the tide staff is located. The jet-
iies at the mouth of the river are well determined by the Engineers’
survey.

In 3%ormation was gathered in regard to changes in topographic
details at the northwestern point of Plum Island and of the shore
line and adjacent buildings along Salisbury Beach.

A tide staff was erected at Salisbury Beach, levels were run be-
tween the tide staff and several bench marks, and tide observations
were begun by observers hired for the purpose.
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MASSACHUSETTS, VIRGINIA, AND NORTH CAROLINA.

[PavLn C. WHITNEY, Commanding Steamer Hydrographer.]

SUMMARY OF RESULTS.—Reconnoissance: Length of scheme, 48 miles. Base
lines: 1,541.3 meters in length. Triangulation: 163 square miles of area cov-
ered, 84 signal poles erected, 3 observing tripods and scaffolds built (average
height 30 feet), 63 stations in main scheme occupied for horizontal measures.
130 geographic positions determined. Topography: 27 square miles of area
surveyed, 103.3 miles of general coast line surveyed, 6 miles of roads, 4 topo-
graphic sheets finished. Hydrography: 77 square miles of area covered, 662
miles run while sounding, 4,860 positions determined, 28,794 soundings made,
13 tide stations established, 13 hydrographic sheets finished.

Between September 24 and December 2 the steamer Hydrographer
was engaged 1n chart revision work on the coast of Massachusetts.
The work done includes a survey of the channel around Peddocks
Island, into the mouth of Weymouth Fore River, Boston Harbor;
search for reported shoal west of the Graves Lighthouse; hydrog-
raphy of Cape Cod Bay, between Minot Ledge and Sandwich,
Mass., survey of changes in Barnstable Harbor; resurvey of entrance
to Wellfleet Harbor; survey of reported changes in Pollock Rip
Slue; resurvey of channel between Handkerchief and Shovelful
Shoals, and search for a reported shoal in Great Round Shoal
Channel.

On October 7 the Hydrographer rendered assistance to a stranded
schooner south of the Marconi Towers, Cape Cod.

September 5, 1912, the commanding officer of the Hydrographer
was directed to make a hydrographic survey of the channel from
Weymouth Fore River, around Pig Rock and westward of Peddocks
Island to Nantucket Sound; make a thorough examination of the
vicinity of the 5-fathom spot shown on chart 357, reported in Novem-
ber, 1911, by Capt. Giles of the steamship Ewverett in the following

osition, “ Graves gas and bell buoy bears SE. bfy E. 1 E., Graves

ighthouse bears about S. by W.”; examine 5-fathom spot about
2 miles off North Scituate Beach; examine the 8} and 9 fathom
spots 24 miles east of Scituate Harbor and the 7-fathom spot about 1
mile south-southwest; also the 3%-fathom sounding 1 mile off New
Inlet and the 7-fathom sounding off South River; examine the limits
of 6-fathom curve north of Howland Ledge off Manomet Point and
from Center Hill Point .0 Sagamore Beach; fill in soundings be-
tween North Scituate to Sagamore Beach ; make hydrographic survey
of entrance to Wellfleet Harbor; and survey entrance to Barnstable
Harbor.

On September 24, 1912, the Hydrographic Office of the Navy De-
partment transmitted to the Coast and Geodetic Survey copy of a
letter from Mr. W. E. I. Stiles of the Branch Hydrographic Office,
Norfolk, Va., stating that he had received reports from masters of
vessels of shoaling on the southern side of Pollock Rip Channel
midway between Pollock Rip and Shovelful light vessels.

Under instructions of September 26, 1912, the Hydrographer made
a careful examination of this channel, but found no indication of an
18-foot shoal spot in the position reported. An examination of an
18-foot sounding shown on the chart just to the southwestward de-
veloped a least depth of 14 feet, and it appears probable that this
is the shoal that the Aershaw struck and not some new shoal to the
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northward. Many vessels were observed passing dangerously close
to this shoal, the position of which was determined under date of
September 24, 1912. The lighthouse inspector at Boston had re-
ported that Shovelful Shoal was extending to the southward and
Handkerchief Shoal to the eastward and that the passage between
the shoals was so nearly closed as to be unsafe without local knowl-
edge, and he recommended that the channel be closed to navigation.
Subsequently the Bureau of Lighthouses ordered the removal of the
buoys marking this channel.

The alleged shoaling in the channel to the Pollock Rip gas and
whistling buoy reported by the master of the Juniata was investi-
gated, but no evidence of such shoaling was discovered. A least
depth of 24 feet, reduced, was found close to the buoy and one of 21
feet just inside the buoy.

A course laid 300 feet off the outer buoy will not put a vessel in any-
thing like 18 feet of water. The master of the Juniata stated that
when the vessel struck the buoys were to the eastward of their sub-
sequent position, and it is probable that she touched the extreme
western end of the broken part of Pollock Rip instead of an obstruc-
tion in the channel.

In January, while on her way to the coast of North Carolina, the
Hydrographer determined the position of the wreck Julia Lucken-
bach in Chesapeake Bay, and in North Landing River assistance was
given to the schooner Sallie Purnell Beswick, which had run aground.
The new channel from Pamlico Sound to Core Sound, past Harbor
Island Bar Light was sounded out.

Hydrography executed in conjunction with the steamer Z'ndeavor
included a resurvey of the land and water areas lying between merid-
ian 76° 85" and a line from Bells Point and the ocean beach passing
through Cowpen Island, except the southern extremity of Cape Look-
out and part of Back Sound. A scheme of tertiary triangulation was
executed, forming a loop around Harkers Island and extending to
Cowpen Island and Bells Point as a base for future operations to the
eastward in Core Sound. The topography and hydrography of Core
Creek were also included in the work of this season.

In cooperation with the steamer Endeavor search was made for a
reported shoal 18 miles southwest of Cape Lookout. It was found
that no shoal exists in the locality indicated.

In the vicinity of Neuse River hydrographic work was done to
determine the present location of shoals, spits, and bars, and the posi-
tions of all aids to navigation were determined from Wilkinsons
Point down, including Adams Creek and Bay River to Bayboro. A
new tertiary triangulation was executed joining the work by Assist-
ant Ritter 1n 1911 and running down the Neuse River to its mouth
and connecting in Bay River with the triangulation of 1909 by the
Corps of Engineers, United States Army. From the western end of
this a traverse line was run to Bayboro locating the day marks in the
dredged channel. At Oriental a survey was made to show the bulk-
head and the depths behind it. The triangulation of the United
States Engineers in Adams Creek was connected with that by this
party and a check base was measured for the purpose of verification.
A topographic survey of Vandemere, N. C., a new town on Bay River,
was made.

This work was completed on June 14.
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MASSACHUSETTS, RHODE ISLAND, SOUTH CAROLINA, AND GEORGIA.

[Isaac WINSTON.]

SUMMARY OF RESULTS.—Triangulation: 176 square miles of area covered, 8
beacons built (heights 25 and 40 feet), 41 stations in supplemental scheme occu-
pied for horizontal measures, 24 geographic positions determined.

Between August 26 and November 1 a revision was made of the
triangulation of Narragansett Bay, R. 1.

. Nearly all of the old stations along the western passage in Narra-

gansett Bay, between Narragansett Pier and Wickford, were readily
recovered so as to be available for use by the hydrographic party on
the Coast and Geodetic Survey steamer Zndeavor upon arrival on
September 10.

Valuable information in regard to surveys and dredging in prog-
ress in Narraganset Bay and vicinity was obtained from the United
States Engineers office at Newport.

The stations of the triangulation by the United States Engineers
were visited in company with a United States assistant engineer, and
notes were made showing their condition. Preliminary arrangements
were made with a view to permanently marking those stations at
which only temporary marks had been placed.

A blue print showing a hydrographic survey of Wickford Harbor
and approaches including a dredged channel in the harbor was fur-
nished by the United States Engineers.

The search for old triangulation stations was extended over Narra-
gansett Bay, Providence River, Hope Bay, and Sakonnet River; new
wharves were located, and the positions of prominent objects useful
as hydrographic signals or aids to navigation were determined. Sev-
eral tidal bench marks were recovered and additional bench marks
were established.

During the season one chart agency at Providence and two at New-
port were inspected. Thirty-four Coast and Geodetic Survey trian-
gulation stations and 42 triangulation stations established by the
United States Engineers were recovered, and supplementary marks
were established and supplementary descriptions in the case of the
Coast and Geodetie: Survey stations were prepared. Two new Coast
and Geodetic Survey triangulation stations were established, and 26
were found to have been destroyed. Ten stations of the triangulation
by the United States Engineers were found to have been destroyed.
The locations of 26 lighthouses and 1 beacon were reported un-
changed. One lighthouse and 3 beacons were found to have been
destroyed. The positions of 2 lighthouses and 4 beacons were de-
termined. Nine prominent objects, previously determined, were
recovered. Ten such objects were found to have been destroyed.
Twenty-nine such objects were determined in position.

The office of the United States Engineers at Boston was visited
and useful information was obtained in regard to surveys by the
United States Engineers in the vicinity of Newburyport, Mass.

Work was closed for the season on November 16.

The chart agencies at Providence and Newport, R. I., were in-
spected during the progress of field work in the localities mentioned.

The determination of the positions of buoys and beacons and of
prominent objects useful as aids to navigation in the vicinity of
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Savannah, Ga., which had been begun by Mr. R. R. Lukens was con-
tinued after March 26 by Mr. Isaac Winston.

Information in regard to beacons and buoys was obtained from the
lighthouse inspector at Charleston, and in regard to the triangulation
in the vicinity data were obtained from the office of the United States
Engineers at Savannah. Three old triangulation stations of the
Coast and Geodetic Survey, viz, Fort Jackson 3, South Base, and
Proctor were recovered, and from these a scheme of triangulation
was extended sufficient to determine the points required. The geo-
graphic positions of 10 prominent objectsgwere determined in addition
to completing the scheme of triangulation begun by Mr. Lukens.
Four of the triangulation stations used by the United States Engi-
neers were recovered and marked. Blue prints showing the condition
of the wharves at Savannah were obtained and other data collected
for use in the correction of the charts.

In April the chart agency of the Coast and Geodetic Survey at
Savannah, Ga., was inspected, the number of Charts, Tide Tables,
and Coast Pilots checked, and out of date or damaged publications
returned to the office at Washington.

Between April 13 and June 12 the triangulation of Port Royal
Sound and North Edisto River was revised. A number of beacons
were erected and their positicns determined for the use of the Light-
house Service in locating aids to navigation.

A beacon 40 feet in height was erected on Hilton Head south of
the entrance to Port Royal Sound, and one on Capers Island north
of the entrance. The beacon on Hilton Head was erected over the
triangulation station Hilton established in 1900. The triangulation
station on Capers Island established in 1900 has been destroyed.
The beacon was erected on the southwest end of the island as it
exists at present, and its geographic position was determined from
three old stations. This determination places the beacon about 1
mile outside the shore line shown on the charts, corresponding to a
similar change in the position of the channel over the bar since
the survey was made. In connection with this work five of the
old triangulation stations were recovered, two found to have been
destroyed, and one new station was established. In the vicinity of
Helena Sound two beacons 40 feet high were erected, one on the
south shore of Tripp Inlet south of the entrance and one on the
south end of Edisto Island north of the entrance. Ome beacon 25
feet in height was erected on Marsh Island in Coosaw River. The
old triangulation station on Tripp Inlet has been destroyed and the
beacon is built over a new station, Tripp 2. On Edisto Island the
beacon was built over station Point, established in 1902. The beacon
on Marsh Island was built over a new station, Marsh.

In this work four old triangulation stations were established and
three stations were found to have been destroyed.

In the vicinity of North Edisto River three beacons 25 feet in
height were constructed. No triangulation stations were available
near two of these points, and their geographic positions remain to be
determined.

Much information was obtained concerning the condition of other
triangulation stations in this region.
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MASSACHUSETTS AND NEW YORK.

[T. L. WARNER.]

SUMMARY OF RESULTS.—Triangulation: 12 signal poles erected, 25 stations
occupied for horizontal measures in supplemental scheme, 26 geographic posi-
tions determined.

In January and February the positions of two wireless telegraph
towers in Boston, Mass., one at 131 State Street and the other at the
corner of Washington and Sumner Streets, were determined, and
also that of a small wireless telegraph pole at 126 State Street. At
Nantucket, Mass., the location of the wireless masts at Siasconset
was determined.

At Coney Island, N. Y., the position of the Marconi wireless mast
was located, and a similar determination was made of the wireless
tower at Sayville and of the wireless mast at Sagaponack, both on
Long Island.

A number of aids to navigation in the vicinity of Great Peconic
Bay, Long Island, were determined in position for the Bureau of
Lighthouses and also a number of points for use in the survey of a
new channel between Robins Island and Cow Neck.

In this work four old triangulation stations were recovered and
observed upon and two of them occupied. Five new stations were
occupied, observations of horizontal angles made, and signals erected.
Seven other points were determined as tertiary triangulation stations
but not occupied, and four other points were sufficiently well deter-
mined for the purposes of a hydrographic survey.

CONNECTICUT AND NEW YORK.

[H. P. RITTER.]

SUMMARY OF RESULTS.—Topography (chart revision) : 6 square miles of area
surveyed, 18 miles of general coast line, 10 miles of roads, 1} topographic sheets
finished. Hydrography: 0.5 square mile of area covered, 14.5 miles run while
sounding, 139 positions determined, 657 soundings, 2 tide stations established,
3 bench marks established, 12 buoys located, 1 hydrographic sheet finished.

During the first half of the fiscal year the topographic revision of
Chart 269 (Stamford Harbor to Little Captain Island) was com-
pleted, and the revision of Chart 270 (Little Captain Island to Rye
Neck) begun. About one-quarter of the field work for the revision of
that chart was completed by the end of December.

The officer engaged on this work was called on to appear as an
expert witness before the superior court of the State of New York
in regard to certain topographic surveys by the Coast and Geodetic
Survey.

He glso was temporarily in charge of the office of the inspector at
New York for short periods on several occasions.

Chart revision work was continued until the latter part of June.
In April an examination was made of a reported rock in East River,
N

A hydrographic survey was made to locate the newly dredged chan-
nel between Little and Great Peconic Bays. In connection with this
work a tide staff was erected and tide observations were recorded
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between May 12 and June 12. The positions of the buoys in the
channel were determined. This work was completed June 15 and
arrangements were made for beginning a series of current observa-
tions in the Potomac River in cooperation with certain investigations
undertaken by the United States Public Health Service relating to
the pollution of the river water by sewage. ;
=
RHODE ISLAND.

[H. A. SERAN.] '

In August, 1912, the positions of five post lights temporarily placed
on the breakwater at Point Judith, R. 1., were determined by triangu-
lation, using the line Point Judith Lighthouse to North Light, Block
Island, as a base.

The breakwater was at that time being repaired and all the beacons
were post lights placed there temporarily. All of these were deter-
mined in position as well as the wireless tower, and an angle required
by the wire drag party was observed.

RHODE ISLAND, MARYLAND, AND NORTH CAROLINA.
[J. B. BouTELLE, Commanding Steamer Endeavor.]

SUMMARY OF RESULTS.—Triangulation: 191 square miles of area covered, 10
old stations recovered, 9- new stations selected, 35 signals built, 22 stations
occupied for horizontal measures, 68 geographic positions determined. Topog-
raphy: 24.5 square miles of area surveyed, 90.5 miles of general coast, T0
miles of shore line of creeks, 1 topographic sheet finished. Hydrography :
161.7 square miles of area covered, 2,025.4 miles run while sounding, 11,468
positions determined, 142,720 soundings, 6 tide stations established, 4 hydro-
graphic sheets finished.

Between July 1 and August 28 the party on the steamer Zndeavor
continued hydrographic work in Chesapeake Bay in the area from
Kedges Strait to Barren Island, the sounding lines extending from
the shore to beyond the 4-fathom curve. Lines were run approxi-
mately parallel with the shore line and about 100 meters apart and
crossed at every 400 meters.

No considerable changes were found to have occurred since the
previous surveys.

Between September 11 and November 15 the party on the steamer
Endeavor was engaged in the revision of the hydrography of Nar-
ragansett Bay, R. I.

Signals were erected and determined in position over the area
extending through the western passage from Whale Rock Lighthouse
to Hope Island. Tide gauges were established at West Jamestown,
Dutch Harbor, and at Wickford and connected with the old Coast
and Geodetic Survey bench mark at Jamestown and with one another.
Various new wharves, a small portion of the shore line, and a number
of hydrographic signals were determined with the plane table.

Sounding lines were run north and south approximately 100
meters apart and crossed at intervals of about 200 meters, and in
places where further examination was found necessary lines were
run 50 meters or a less distance apart.
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Considerable change in the depths and contours was found in the
southern end of the Western Passage. Numerous uncharted rocks
were located near the shore line and a ledge with a depth of 23
feet on it was found near the middle of the channel near Plum
Beach Lighthouse.

On the northwest side of Hope Island is a very dangerous rock,
with from 6 to 8 feet of water on itgon the eastern side of the channel.
Several vessels have struck this rock. A recently discovered rock
with 8 feet of water on it was located on the north side of the
entrance to Wickford Harbor south of White Rock Beacon. This
rock has been marked by a red spar buoy.

The steamer Z'ndeavor began work on the coast of North Carolina
in the vicinity of Beaufort on January 11. After several old sta-
tions had been found and signals erected over the area covered by
the survey, the triangulation was extended to the western end of
Harker’s Island, up North River and into Bogue Sound to a point
1 or 2 miles west of Morehead City. Topography and hydrography
were then begun over the same area, the topography consisting mainly
of shore line. Very little change was found to have taken place
since the former surveys except in the vicinity of Beaufort Inlet
and the channels leading into that inlet. Omne shoal was formed, an
extension of Shark Shoal on the east side of the channel between
Morehead City and the inlet having but 5 feet upon it where the
surveys by the United States Engineers in 1908-9 show about 21
feet. On the south side of the channel leading from the inlet toward
Back and Core Sounds there was a channel of 12 to 14 feet in 1908
which has since filled up to 7 feet, at low water. The currents in
the vicinity of the inlet are very strong and the sea breaks heavily
over these shoals and often across the channels causing frequent
changes both in depth and location. During January and February
a dredge was at work on the inlet bar making a 20-foot channel over
it. Soundings taken April 21 and 22, 1913, show a least depth of
17 feet over this bar.

The dredged channels leading from Beaufort Harbor were sounded
as far as their junction at Russell Creek ILight, and thence con-
tinued into Core Creek by the party on the steamer Hydrographer.
All lights and range beacons were determined in position.

On April 17 the Endeavor and the Hydrographer made a search for
a 2-fathom shoal reported 6 miles west-southwest of Cape Lookout
Shoals buoy. Lines of soundings were run over an area of 2 miles or
more in the supposed location of the shoal and sufficiently to entirely
disprove the existence of such an obstruction. Cape Lookout Shoals
buoy and Cape Lookout Lightship were determined in position, the
latter being found 3 miles east and one-half mile north of its charted
position. Work was closed in this vicinity on April 24.

On May 27 work was begun at Point Judith, R. I., for a survey of
the Harbor of Refuge and vicinity. The necessary triangulation

oints having been established, the shore line topography was run

y plane table on a scale of 1/5,000 from Point Judith on the east
to Rocky Point on the west of the breakwater. A tide gauge was set
on the inside of the breakwater near Point Judith and connected
with a bench mark of the United States Engineers and the Coast and
Geodetic Survey.



REPORT OF SUPERINTENDENT, COAST AND GEODETIC SURVEY. 31

Sounding lines were run outside of the breakwater 100 meters apart
for about 1 mile south and around Point Judith on the east to Rock
Point on the west. Inside the breakwater the lines of soundings were
run 50 meters apart, special attention being given to the character of
the bottom. '

On June 19 work was resumed on the resurvey of Narragansett
Bay. Search for old stations and signal building were begun but
the work was interrupted for the purpose of making certain neces-
sary repairs to the vessel.

RHODE ISLAND AND NEW YORK.
[E. F. DICKINS.]

SUMMARY oOF RESULTS.—Topography: 1 square mile of area surveyed, 5 miles
of general coast line surveyed, 1 topographic sheet finished. Hydrography :
14 square miles of ‘area covered, 65 miles run while sounding, 747 positions
determined, 1,398 soundings made, 1 tidal station established, 1 hydrographic
sheet finished.

An officer of the Survey has been engaged during the year on in-
spection duty for the region included between Narragansett and
Delaware Bays. He was temporarily detached in July to make a
survey in the vicinity of Hog Island, R. T.

The duties of the inspector are to obtain information for the cor-
rection of Charts, Notices to Mariners, and other publications of the
Survey ; to furnish information in regard to charts, sailing directions,
and tides; to receive and ship instruments for the use of field parties;
to keep in touch with the maritime public and navigators andp to find
out their needs. -

In July a hydrographic resurvey was made of the channel between
Hog Island, Bristol Island, and Rhode Island in Narragansett Bay,
including Hog Island Shoal, on which the U. S. S. Louisiana had
recently grounded, and which was reported to have extended to the
southward since the last survey. The shore line of the adjacent por-
tions of the islands was rerun and the whole area sounded over. The
results of the resurvey establish the fact that an extension of Hog
Island Shoal to the southward has taken place, and in view of this
condition recommendation was made that the buoy marking this
obstruction be moved to the southern extremity of the shoal.

NEW YORK, NEW JERSEY, AND PENNSYLVANIA,
[C. M. CabE.]

In January determinations were made of the positions of wireless
telegraph stations and prominent objects useful as aids to naviga-
tion, as follows:

In New York City: Marconi Wireless Station on Wanamaker
Building determined by triangulation, Telefunken Wireless Station
on tower of Trinity Building determined by triangulation, two
towers on Bush Terminal Co.’s Building determined by triangula-
tion, and the former station of the United Wireless Co., at 42 Broad-
way, determined approximately. In Philadelphia: Two towers on
Wanamaker Building determined topographically. In Chester, Pa.,
a tall chimney below Marcus Hook determined by triangulation.
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In Camden, N. J., the United Wireless Station (abandoned) on
tall water tank at New York Ship Yards was determined approxi-
mately. At Cape May, N. J., the position of the Marconi Wireless
Station was determined by triangulation.

NEW YORK, NEW JERSEY, PENNSYLVANIA, DELAWARE, MARYLAND, VIR-
GINTIA, GEORGIA, FLORIDA, ALABAMA, MISSISSIPPI, AND LOUISIANA.

[W. E. PARKER.]

SUMMARY oF RESULTS.—Triangulation: 25 square miles of area covered, 39
stations in supplemental scheme occupied for horizontal measures, 54 geographic
positions determined.

Between October 30 and November 9, with the permission of the
Bureau of Lighthouses, apparatus for making current observations
was installed on eight light vessels between Kire Island Light, off
New York Entrance, and Winter Quarter Shoal, off the coast of
Virginia. Observers on each of the vessels visited were instructed
in the method of making the observations required.

Between January 13 and February 17 the positions of wireless
telegraph stations were determined by triangulation at Norfolk and
Virginia Beach, Va., Savannah, Ga., and at Jacksonville, Palm
Beach, Knights Key, and Tampa, Fla. At Fernandina, Fla., the au-
tomatic tide gauge was repaired and the tide staff connected by
leveling with bench marks in the town.

Between February 18 and March 15 a trigonometric determina-
tion was made of the positions of aids to navigation in Tampa Bay
and of such natural and artificial objects on the shores of the bay as
may be useful to navigators or to members of the Lighthouse Service
in placing buoys.

On March 16 an examination of the Gulf coast was begun in order
to obtain data for an Inside Route Pilot of the waters to the west-
ward of Key West, I'la. The coast harbors and inland passages were
traversed between Tampa, Fla., and New Orleans, La. The route
was covered thoroughly and all places that could be entered safely
with the launch, that served to transport the party, were examined.

A second inspection was made of the tide gauge at Fernandina,
Fla., which had been accidentally damaged.

Field work was closed on May 8.

NEW JERSEY, PENNSYLVANIA, DELAWARE, VIRGINIA, AND NORTH CAROLINA.

[J. R. BENTON.]

STATIONS occUPIED.—Delaware: Clayton (or Smyrna), Delaware City, Middle-
town, Newecastle, and Seaford.. New Jersey: Berlin, Elmer, Moorestown,
Swedesboro, Williamstown, Woodbury, and Woodstown. North Carolina: En-
field, Franklinton, Littleton, Raleigh, Wake Forest, and Whitakers. Pennsyl-
vania: Avondale (or Kennett Square) and Media.

During the season between August 2 and September 11 and between
June 16 and 30 magnetic observations were made at the stations
named, all of which were new stations except Seaford, Del., and
Raleigh, N. C. The stations were permanently marked. At Swedes-
boro observations were made over a triangulation station. At Moores-
town, N. J., a meridian line was run and temporarily marked.
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NEW JERSEY AND PENNSYLVANTIA.

[STEEMAN FORNEY.]

SUMMARY OF RESULTS.—Reconnoissance: 14 square miles of area covered,
198 lines of intervisibility determined, 99 points selected for scheme. Triangula-
tion : 14 square miles of area covered, 93 signal poles erected, 78 stations occu-
pied for horizontal measures, 221 geographic positions determined. Topography :
2295 square miles of area surveyed, 57.5 miles of shore line of rivers, 15.5
miles of shore line of creeks, 1.75 miles of shore line of ponds, 109.25 miles of
roads, railroads, and trolley lines, 2 topographic sheets finished. Hydrography :
2 tide stations established.

The survey of the Delaware River from House of Correction, Pa.,
to Trenton, N. J., which was in progress at the beginning of the fiscal
year was completed on February 28. The work done includes the
necessary tertiary triangulation and the topography on a scale of
1/40,000, included on two topographic sheets.

Having closed work on the Delaware River this party began a re-
survey of Newark Bay, N. J., on March 28.

Three of the triangulation stations used in the triangulation of
greater New York were recovered, viz, Bogart, Summerfield M. E.
Church, and Bergen Point, and from these a scheme of tertiary tri-
angulation was completed from Bergen Point up Newark Bay into
-the entrance of the Passaic and Hackensack Rivers. The topographic
resurvey at Bergen Point was begun.

DELAWARE, MARYLAND, VIRGINIA, SOUTH CAROLINA, GEORGIA, AND
FLORIDA.

[W. C. Hopekins, Commanding Steamer Bache.]

SuMMARY OoF REsSULTS.—Triangulation: 136 square miles of area covered, 17
signal poles erected, 21 stations occupied for horizontal measures, 15 geographic
positions determined. Magnetic work: 4 sea stations at which ship was com-
pletely swung. Topography: 43 miles of general coast line surveyed, 3 topo-
graphic sheets finished. Hydrography: 3,677 square miles of area sounded,
2,500 miles run while sounding, 5,289 positions determined, 32,795 soundings,
2 tide stations established, 4 hydrographic sheets finished.

On July 1, 1912, the steamer Bache was at Brunswick, Ga., en-
gaged in the offshore hydrography needed to supply deficiencies in
the charts of the coast from St. Andrew Sound on the south to
Sapelo Island on the north with some further work to the northward
and eastward off Tybee and Port Royal entrances. The hydrography

- of that region was continued until August 17, when the Bache pro-
ceeded to Norfolk, Va., taking soundings between Port Royal and
Charleston entrances.

An examination of the vessel at Norfolk showed the necessity for
extensive repairs which were made at Boston in September and
October.

The next work done by the Bache was an examination of the area
to the northeastward of Winter Quarter Shoal light vessel, in which
dangers were reported to exist. A tide staff was established on Dela-
ware Breakwater and an observer placed in charge. Two floating
signals were moored on a line extending northward from the light
vessel and with that vessel these were used as signals for locating the
positions of the soundings. It was found that the reported dangers

14877°—13——3
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do not exist in the area examined and in question. Work in that
region was closed December 7 and the vessel then began an examina-
tion at Chesapeake entrance for a shoal lump reported by the Vir-
ginia Pilots’ Association as existing about 3 miles to the northward
and eastward of Cape Henry. The examination of the locality
proved that no such shoal exists. :

Offshore hydrography was then resumed on the coast of North and
South Carolina.

On January 4 the Bache proceeded to the Savannah River, where
field work was begun by setting up a tide staff at Fort Screven whart,
Tybee Island, and connecting it with the established bench marks.

From that time until March 12 the party was engaged in running
lines of soundings generally in an east and west direction and from
2 to 5 miles apart to develop the area off the coast of Georgia, within
which few soundings had previously been obtained, although the
depths are not great, and lying northward of Sapelo Sound and out-
side of the belt of closely developed hydrography.

Beginning at points about 5 miles offshore, it was generally found
necessary to run lines from 20 to 30 miles long and only occasionally
near the eastern end of a line did the depth reach 20 fathoms.

On March 12 the Bache sailed from Charleston to the position of
the wreck of the British steamship Lugano, stranded on Long Reef,
Fla., to the southward of Fowey Rocks, and to survey the north end
of the Florida Reefs off Miami. The position of the wreck of the
Lugano was determined on March 15.

The hydrography of the north end of Florida Reefs was completed
on May 26 in spite of unfavorable weather conditions. For this work
it was necessary to determine by triangulation a few additional sta-
tions and to check the positions of some of the beacons which had
been destroyed by hurricanes and afterwards rebuilt. The shore line
of the outer coast from Cape Florida northward to latitude 25° 50
was resurveyed by plane table while the hydrography was in progress.

After closing work off Miami the Bache at once proceeded to the
vicinity of Jupiter Inlet where search was made for reported shoals
off that inlet and off St. Lucie Island. The reports of dangers in
these localities were found to be erroneous.

The position of a conspicuous stand pipe at Hobe Sound was de-
termined by triangulation.

The regular work of the party on the coast of Georgia and South
Carolina was resumed on April 9 and continued until June 14, by
which date the hydrography within the limits assigned to the vicinity
of the shoals off Cape Romain was completed. Additional work of
triangulation in Ossabaw Sound was also done to fix the position of a
sea coast signal on the north end of Ossabaw Island.

Work was closed June 15 and the vessel proceeded to Boston for
repairs.

MARYLAND.
[GEORGE HARTNELL and SAMUEL G. TOWNSEND.]

At the magnetic observatory at Cheltenham, Md., the recording
instruments were kept in continuous operation throughout the year.
The absolute observations for declination, horizontal intensity, and
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dip were made as usual. Time from sun observations was taken at
convenient intervals. Special observations were made for determin-
ing the moment of inertia of magnetic No. 26 for the comparison of
earth inductors, to determine effect of adjustment, and to place the
inductor in the merldlan

The seismograph was in continuous operation except for a delay of
a few days for clock repairs. Some necessary repairs were made to
the observatory buildings.

VIRGINTIA.

[0. W. FErcUsoN, Commanding Schooner Matchless.]

SUMMARY OF RESULTS.—Reconnoissance: 55 square miles of area covered, 405
lines of intervisibility determined, 155 points selected for scheme. Base lines:
3, secondary, measured. Triangulation: 55 square miles of area covered, 154
signal piles erected, 74 observing scaffolds and tripods built (with an average
height of 6 feet), 162 stations occupied for horizontal measures, 8 old stations
of United States Engineers recovered, 162 geographic positions determined. Lev-
eling: 22 elevations determined by leveling, 17.7 miles of levels run. Azi-
muth: 1 station occupied for observations of azimuth on 1 night. Topography :
61.5 square miles of area surveyed, 118.3 miles of shore line of rivers, 76.4 miles
of creeks, 134.2 miles of roads and railroads, 4 topographic sheets finished.
Hydrography : 16.3 square miles of area sounded, 331.9 miles run while sound-
ing, 3,063 positions determined, 14,867 soundings, 10 tide stations established, 5
current stations occupied, 5 hydrographic sheets finished.

During the first half of the fiscal year, after the completion of re-
pairs to the vessel at Baltimore, the schooner M atchless was employed
on the survey of the Pamunkey River, Va., this work including
triangulation, topography, and hydro«raphy

The triangulation was begun a few miles above Westpoint at sta-
tions Creek and Gas and carried to Northbury Landing. Above
Northbury Landing a meander line was run to 5 miles above New
Castle at the head of navigation.

Points for the topography were located by sextant angles where, on
account of the dense undergrowth, the plane table could not be used.
The limits of marsh and high ground were located; also all roads,
railroads, creeks, sloughs, fences, and buildings near the river. The
topoaraphy was completed to the limits of the survey.

The hydrography of the river was completed to the head of the
survey b miles above New Castle, all important features being thor-
oughly developed.

Tide observations were made at Gloucester Point, Morgans Wharf,
Westpoint, Lester Manor, White House, New Castle, and Carters
Landing, Northbury Landmg, and tidal bench marks were estab-
lished.

Current observations were made on three days.

Magnetic declination was observed at four statlons, viz, Westpoint,
Lester Manor, Northbury Landing, at a station above New Castle
Bridge, and at another below that bridge.

The survey of the Pamunkey River was afterwards completed to the
head of navigation 57 miles above Westpoint.

Some levels were run in Richmond to connect the tidal bench
marks with a permanent bench mark of the Coast and Geodetic
Survey.
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The hydrographic survey of the south branch of Elizabeth River,
Va., from the naval magazine to the Chesapeake and Albemarle
Canal lock was the next work undertaken. This survey was com-
pleted by April 5. In the course of this work a line of levels 12
miles in length was run to connect the various tidal bench marks in
this locality, and tide observations were made during the progress of
the survey.

The survey of the eastern branch of Elizabeth River, including the
triangulation, topography, and hydrography, was nearly compTeted
at the close of the year.

The hydrographic survey was carried into all creeks available for
boat navigation.

Field work was temporarily suspended in June and the Matchless
was taken to Baltimore for repairs.

VIRGINIA AND NORTH CAROLINA,
[H. C. Graves, Commanding Steamer Hydrographer.]

SUMMARY oF RESULTS.—Triangulation: 2 stations occupied for horizontal
measures. Magnetic work: 5 sea stations occupied for magnetic declination.
Topography : 1 square mile of area covered, 9.25 miles of general coast line run.
Hydrography : 1,689 soundings made.

From July 1 to August 13 the party on the steamer Hydrographer
was engaged in coast pilot work on the coasts of North Carolina and
Virginia for the revision of Coast Pilot, Part VII, from Cape Henry
to Key West. Hydrographic examinations were made at Winyah
Bay, Cape Fear River, Beaufort Harbor, and the intervening coast.
A topographic and hydrographic survey was made of Lookout Bight,
N. C. Coast pilot work was done on the sounds and tributaries be-
tween Beaufort, N. C., and Norfolk, Va. Three uncharted shoals
were located and a number of lighthouses and buoys in these waters
were determined in position,

The ship was swung at 32 headings to determine compass deviation
at 5 points along the coast.

VIRGINIA, KENTUCKY, TENNESSEE, AND ARKANSAS.

[Don C. SOWERS.]

STATIONS OCCUPIED.—Arkansas: Arkadelphia, Arkansas City, Ashdown, Brink-
ley, Eldorado, Fordyce, Hamburg, Hampton, Hot Springs, Lake City, Lewisville,
Magnolia, Malvern, Nashville, Prescott, Stuttgart, Varner, and Washington.
Kentucky: Albany, Alexandria, Bedford, Burkesville, Burlington, Carrollton,
Falmouth, Greenup, Hodgenville, Independence, Maysville, Morgantown, Mount
Olivet, Mount Vernon, Newcastle, Nicholasville, Tompkinsville, Vanceburg,
Warsaw, Williamsburg, and Winchester. 7Tennessee: Byrdstown, Carthage,
Celina, Dover, Gainesboro, Humboldt, Lebanon, Livingston, and Sneedville.
Virginie: Gloucester, Heathville, Independence, Isle of Wight, King William,
King and Queen, Lancaster, Lynchburg, Mathews, Montross, Saluda, Tappa-
hannock, and Warsaw. :

Between July 1 and November 30 magnetic observations were made
at the above-named stations in Arkansas, Kentucky, Virginia, and
Tennessee.

Five old stations were occupied. All but six of the stations occu-
pied were marked by stone posts with brass plates set in the top. A



REPORT OF SUPERINTENDENT, COAST AND GEODETIC SURVEY. 37

few were lettered U. S. C. & G. S. 1912. In most cases the posts
were set so as to project 2 or 3 inches above the surface of the ground.
The average cost per station, including the observer’s salary, was
$24.75.
NORTH CAROLINA.

[H. A. SERAN.]

Under instructions dated February ¢ determinations were made by
triangulation of the positions of 13 permanent beacons or range lights
on Cape Fear River from the mouth of the river to Reeves Point.

A scheme of triangulation was carried up Cape Fear River as far
as Reeves Point. In this scheme the stations established and marked
by the Corps of Engineers, United States Army, were used whenever
practicable. Two new stations were established.

The position of the wreck of the Condor off Carolina Shoal Beach
was determined, and various changes in topographic details were
noted for the correction of the charts.

Information concerning tidal bench marks was obtained from the
United States Engineers’ office at Wilmington. A blue print showing
the route of the Wilmington, Brunswick & Southern R. R. from
Navassa to Southport was furnished by Mr. Z. W. Whitehead of
Wilmington, N. C., the builder of the road. The position of the
shore end of the 300-foot terminal dock at Southport under con-
struction by that road was determined.

GEORGIA.
[R. R. LUKENS.]

The location of aids to navigation from Warsaw Sound northward

was begun February 12. A reconnoissance was made, old stations
recovered and signals erected and the occupation of stations begun
by February 24. This work was completed and the revision of the
triangulation of the upper Savannah River begun on March 10.

The old triangulation station on Fort Oglethorpe was not recovered.
A new station was established close to the old location. The line
“ Proctor ” to “ R. R. Draw ” was used as a base, and a scheme laid
out to connect with the wireless tower at Savannah and also with
several stations established by the Corps of Engineers, United States
Army. Signals were erected and five stations were occupied when
work was closed in accordance with instructions.

Two beacons were erected at the mouth of Warsaw Sound for use
by the officers of the Bureau of Lighthouses in determining the posi-
tions of buoys off the sound.

The positions of the new lights at the mouth of the Savannah
River were determined.

GEORGIA AND FLORIDA.

[C. M. CADE.]

SUMMARY OF RESULTS.—Base lines: 1 secondary traverse 3 miles in length
measured. Triangulation: 10 signal poles erected, 6 permanent beacons erected,
1 observing tripod and scaffold built and 4 repaired (average height 16 feet),
51 stations in main scheme occupied for horizontal measures, 72 geographic
positions determined.
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Between February 10 and May 31 the geographic positions of a
number of aids to navigation and permanent objects on the shores of
the St. Johns River were determined, using the triangulation of the
United States Engineers, as ad]usted to the datum of the Coast and
Geodetic Survey. A hired launch was used for the transportation
of the party. Many of the old stations were found standing, so that
little signal building was required. In all, there were determined in
position 32 pile lights and day marks, 14 permanent structures carry-
ing lights, and 13 objects on shore, such as water tanks, chimneys,
houses, etc that will probably be available for many years

The stations along the St. Johns River were marked by iron pipes
driven into the ground.

After the completion of this work the determination of positions
of aids to navigation and prominent objects in St. Catherines Sound,
Ga., was undertaken. For buoy work off St. Catherines three
large tripod signals, built by the steamer Bache, were determined. in
position by means of a traverse line 3 miles in length.

The next work undertaken was the determination of points for
Sapelo Bar. An old station of the Coast and Geodetic Survey was
recovered and marked close to a signal erected by the party on the
steamer Bache to serve as the northern object. The quarantine sta-
tion off the north end of Blackbeard Island, or a signal erected by the
Bache on the northeast point, is available for use as the center object.
A third signal 2.25 miles to the southward was erected and de-
termined.

St. Andrews Sound was the next point visited. Here two signals
* were built and determined for use in locating buoys, Little Cumber-
land Island Lighthouse forming the third point. Four three-pile
day marks in the sound were also determined.

At St. Simons Sound use was made of two s1gnals of the United
States Engineers. On Jekyl Island a signal which had been used as
a transit station was boarded up, concreted, and marked for use in
locating buoys on the bar. St. Simons Light may be used as the
center ob]ect A new signal was built and determined on the south
point of Postells Creek on St. Simons Island, and three lights in St.
Simons Sound were determined.

GEORGIA, ALABAMA, MISSISSIPPI, AND ARIZONA.
[OscAR H. GAARDEN.]

STATIONS OCCUPIED.—Alabama: Eutaw,* Haynesville,* Mobile,* and Pratts-
ville.* Arizona: Tucson. Georgia: Dawson,* Georgetown,* and Vienna. Mis-
sissippi: Colling,* Hattiesburg,* Lucedale,* New Augusta,* Paulding, and
Raleigh.*

Between July 1 and August 12 magnetic observations were made
at the stations mentioned by the observer named. Meridian lines
were established at the stations marked with asterisks.

From August 12 to November 1 Mr. Gaarden was at the magnetic
observatory at Tucson, Ariz., engaged in bringing up to date the
accumulated records and in 1nstruct1ng in his duties the new observer
placed in charge of that observatory.
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LOUISIANA.

[J. H. PETERS.]

SUMMARY oF REsSULTS.—Triangulation: 692 square miles of area covered, 32
signal poles erected, 29 observing tripods and scaffolds built, 33 stations occu-
pied for horizontal measures, 8 stations occupied for vertical measures, 106
geographic positions determined, 5 elevations determined trigonometrically.
In January the positions of 5 radio stations along the Gulf coast were de-
termined by triangulation.

Between February 26 and May 30 a revision was made of the
triangulation of Atchafalaya, Cote Blanche, and Vermilion Bays
and to determine the geographic position of Timbalier Light.

Owing to the impracticability of recovering a sufficient number of
the old points it was found necessary to lay out an entirely new
scheme of triangulation throughout this region.

Beginning with the line “ S. W. Reef ”— Belle Isle 1999,” with
“ Deer Island 1855 ” reference mark as the third point the triangula-
tion was extended eastward one figure to Point Au Fer and thence
westward seven figures through Atchafayala, East Cote Blanche,
West Cote Blanche, and Vermilion Bays to Southwest Pass and
the mouth of the Vermilion River. Ten supplementary figures were
constructed to control the small bays and bayous adjacent to the
main scheme.

Of the previous triangulation only one station, in addition to the
three previously mentioned, was recovered and in that case the station
mark had been moved so as to make its precise original location un-
certain. This was station Cote Blanche 2, 1890.

It was necessary to build tripods of an average height of 20 feet
at every station in the scheme at which observations were taken.
Stations and reference points located in marshy ground were marked
by piles driven in the ground and capped with a drain pipe and the
intervening space filled with cement. A brass disk was placed to
indicate the center of the station. The mark extends about 2 feet
above the ground.

During the progress of the work connection was made with stations
established by the Corps of Engineers, United States Army, and with
those of a private survey adjacent to Atchafalaya Bay.

Most of the old triangulation stations were found to have been
destroyed by the receding of the shore line.

Thirteen stations are known to have been destroyed, 5 others were
searched for but not found, 17 new stations were established in the
main scheme, 15 supplementary stations were established and 70
additional geographic positions were determined.

The positions of several aids to navigation were determined and
notes were furnished in regard to changes in shore line and depths
for use in correcting the charts of the localities covered.

TEXAS.

[E. H. PAGENHART.]

During the period between February 6 and May 6 a scheme of ter-
tiary triangulation was completed between Isabel, Tex., and Baffins
Bay, Tex. .
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In this work as many of the old stations as practicable were recov-
ered and marked, new stations supplementary to the old work were
established where necessary to reach all parts of the area covered,
and to connect with the stations established in 1912 south of Baffins
Bay. A small scheme was carried from old stations in the vicinity
of Isabel north along the mainland and the off-lying islands as far
as triangulation station Avoca 2. From this point the scheme spans
the Laguna, which is about 5 miles wide, and extends northward to
a connection with stations Salt Murdock, Griffin 2, and Shells 2
(Trueblood, 1912).

Work was next begun in Topo Bay and the observing was carried
up the mainland to station Salt and thence down Padre Island to the
station Nouvest. An extra station, New, was established to
strengthen the scheme. OIld station Avoca was not recovered and
Avoca 2 marked by the 1912 party was used.. The old stations re-
covered were Cameron, Fox, Colorado, Rifle, Lomalto, and Topo.
Of these, Cameron and Topo had been remarked in 1905. The others
were remarked. The old stations known to have been destroyed are
Snipe, Armadillo, Cat, Pelican, Bonnet, Coyote, Black Hill, and
probably Avoca and Indian. The new stations, Nouvest, Buoy, Gun,
and Gap, established on Padre Island were marked only by timbers or
planks set about 4 feet in the sand and projecting about 3 feet.

TEXAS, MISSOURI, AND OKLAHOMA.
[FRANK NEUMANN.]

STATIONS occUPIED.—Missouri: Charleston,* Doniphan, Hillsboro, New Mad-
rid, St. Louis, Springfield,* and Waynesville. OFklahoma: Altus,* Durant,*
Frederick, Hobart, Hugo. Idabel, Madill, Mangum, Mountain Park, Norman,
Pauls Valley, Sulphur, Taloga, and Vinita. 7Texas: Angleton, Austin, Bay City,
Bastrop, Beeville,* Brenham, Brownwood, Bryan, Burnet,* Cold Spring,*
Comanche, Columbus,* Floresville, Giddings,* Glen Rose,* Goldthwaite, Ham-
ilton.* Hemphill,* Huntsville,* Kountze, Linden,* Lockhart, Newton, Rock-
wall,* Refugio, Richmond, San Augustine, Seguin, Sinton, and Woodville.*

The foregoing magnetic stations were occupied during the period
from July 1 to November 15.

Meridian lines were established at the stations marked with aste-
risks. '

At each station a complete set of magnetic observations were made
and the latitude and longitude determined approximately.

Charleston and Springfield, Mo.; Pauls Valley, Mangum, and
Vinita. Okla.; and Austin and Beeville in Texas, were repeat stations.

INTERIOR STATES.

MONTANA, NORTH DAKOTA, SOUTH DAKOTA, AND WYOMING.
[E. H. PAGENHART.]

SUMMARY OF RESULTS.—Reconnoissance: Length of scheme 50 miles, 650
square miles of area covered, 19 lines of intervisibility determined, 44 points
selected for scheme. Base lines, primary, length of, 10,600 meters, Triangula-
tion: 8,158 square miles of area covered, 40 signal poles erected, 10 observing
signals and scaffolds built (heights from 3 to 60 feet), 80 stations in main
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scheme and 8 in supplemental scheme occupied for horizontal measures, 56
stations occupied for vertical measures, 99 geographic positions determined, 63
elevations determined trigonometrically. These statistics include some work
done in the spring of 1912.

The party engaged on the triangulation along the one hundred
and fourth meridian from the Canadian boundary to the Black Hills
had completed the section from North East Base to Marmon, a dis-
tance of about 40 miles, by June 30, 1912. During this period the
Ambrose Base was measured and 12 stations, two of which were
azimuth stations, were occupied.

The remaining portion of the triangulation, from Marmon to
station Laird, a distance of 290 miles, was continued between July 1
and December 3 to a junction at the figure Crow-Cambria-Alkali-
Inyankara-Laird, with the triangulation by party working north-
ward from the thirty-ninth parallel, in Colorado.

Azimuth observations were made at 7 stations, and the position of
the Bowman longitude station was determined. Connection with
other surveys was made at eight points.

Most of the triangulation stations were occupied at night.

Double-zenith distances were measured over all lines in the main
scheme, with one exception. Nonreciprocal observations were made
over three lines.

COLORADO, MONTANA, NEBRASKA, NORTH DAKOTA, SOUTH DAKOTA, AND
WYOMING.

[GEorRGE D. CowiE and HARRY A. SERAN.]

SUMMARY OF RESULTS.—Longitude: 5 longitude stations occupied.

Between August 29 and November 10 two cooperating parties
determined the difference of longitude between Omaha, Nebr., and
the following places: Mondak, Mont., Bowman, N. Dak., Provo,
S. Dak., Wheatland, Wyo., and Watkms Colo. The Coast and Geo-
detic Survey longltude station of 1907 on the Omaha High School
grounds was used and it was connected by triangulation with the
1869 to 1882 land survey station, the new Omaha Hill School, and
with prominent landmarks in the vicinity.

COLORADO, WYOMING, SOUTH DAKOTA, AND TEXAS.
[C. V. HopGsoN.]

SUMMARY OF RESULTS.—Reconnoissance: 16 lines of intervisibility determined,
4 points selected for scheme, base lines; primary, length of, 14,559 meters.
Triangulation: 10,505 square miles of area covered, 77 stations in main scheme
and 12 in supplemental scheme occupied for horizontal measures, 79 stations
occupied for vertical measures, 142 geographic positions determined, 142 eleva-
tions determined trigonometrically. Leveling: 9 miles of levels run. Latitude,
longitude, and azimuth work: 1 station for determination of longitude by ex-
change of telegraphic signals occupied on 3 nights, 11 stations occupied for
observations of azimuth, on 14 nights. These statistics include work done in
May and June, 1912,

At the beginning of the fiscal year the triangulation along the
southern part of the one hundred and fourth meridian arc from the
thirty-ninth parallel near Colorado Springs, Colo., to the Canadian
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boundary had been extended southward from Guernsey, Wyo., to
Cheyenne, Wyo. Work was continued after that date until its final
completion on November 23. The weather conditions during the
greater part of the season were unfavorable for rapid progress. Fog
in the mountains and haze and smoke in the valleys greatly lessened
the time available for observing. :

At the south end of the work two of the reconnoissance lines were
found to be obstructed, necessitating a change in the figures and a
reconnoissance for new stations. The first entailed the reconnoissance
for and occupation of one new station (Russell) and the reoccupation
of one station for the new lines; but the second obstructed line, that
from Morrison to Bison, made necessary the breaking up of the
southernmost quadrilateral and a three-sided central-point figure, the
establishment of three new. stations, the reoccupation of two stations
for new lines, and the substitution of the line Pikes Peak-Divide for
the line Pikes Peak-Bison as a line common to the previous primary
triangulation and the one hundred and fourth meridian work.

A second observing party under Mr. C. M. Cade was organized
for work at the north end of the scheme, without waiting for the
completion of the work at the southern end. Observing at the north
end was not completed until October 4.

During the period from October 1 to 8 a primary base line was
measured at Provo, S. Dak., and azimuth was observed on two nights.
From that time until the close of the season two separate observing
parties were maintained.

On November 14 a junction was effected with the work of the party
under Assistant E. H. Pagenhart working between the Canadian
boundary and Guernsey, Wyo., the last stations occupied by the
southern party being Crow and Cambria. Four stations near Chey-
enne were reoccupied between November 20 and 23.

Primary azimuths were measured during the season at stations
Ragged, Twin, Dewey, Boulder, Willow, Watkins, and Provo.

Between February 24 and June 1 a primary triangulation was
made from Alice, Tex., to the Rio Grande and along the Rio Grande
from the ninety-eighth meridian to Point Isabel. Connection was
made with four reference points of the survey by the United States and
Mexican Boundary Commission, but on account of disturbed condi-
tions in Mexico the connection with the triangulation along the
ninety-eighth meridian by the Mexican Geodetic Commission was not
completed.

During the period mentioned 34 primary stations were occupied
and 3 azimuths were measured, or an average of more than 12 sta-
tions per month. During the month of April 15 stations were occu-

ied.
» The reconnoissance for this work was executed and the signals
erected by a separate party.

This triangulation is 150 miles in length and covers approximately
1,300 square miles.

Notwithstanding the fact that the climatic and other conditions
were most favorable for rapid progress the completion of so extensive
a scheme of triangulation in so short a time is worthy of remark as
an achievement probably never before equaled in work of this char-
acter.



REPORT OF SUPERINTENDENT, COAST AND GEODETIC SURVEY. 43

On the completion of the necessary observations in the triangula-
tion a determination was made of the telegraphic longitude at trian-
gulation station Donna (Texas), using Austin as a base station. Mr.
George D. Cowie cooperated in this work. Signals were exchanged on
the nights of May 30, May 31, and June 1 with satisfactory results,
and work was closed for the season.

COLORADO, NORTH DAKOTA, SOUTH DAKOTA, TEXAS, AND WYOMING.
[J. S. BiLBY.]

SUMMARY OF RESULTS.—Reconnoissance: Length of scheme 175 miles, 1,450
square miles of area covered, 80 lines of intervisibility determined, 36 points
selected for main and 4 for supplemental scheme. - Base lines: 1 (14,600 meters
in length) prepared for measurement. Triangulation: 42 signal poles erected,
34 observing tripods and scaffolds built with average height of 43.02 feet, and
40 with heights from 4 to 60 feet; 24 superstructures, average height 24 feet; 2
light stands, average height 10 feet.

The two parties organized in April, 1912, to build the signals and -
prepare for the observing parties the stations located by recon-
noissance during the season of 1911 between the thirty-ninth parallel
in the vicinity of Colorado Springs and the Canadian border, had
made the following progress by June 30. The northern party had
reached Sentinel Butte, N, Dak., and had prepared a base-line site
and assisted in measuring the base at Ambrose, N. Dak. During the
same period the southern party had completed signal building from
Manville, Wyo., southward to the vicinity of Colorado Springs.

Work was continued after July 1 and by August 28 all of the sta-
tions had been prepared and the Provo base made ready for tape
measurement. Stands or signals were built at 40 stations and each
station marked.

From September 1 to the close of the season in November the signal-
building party cooperated with one of the parties engaged in triangu-
lation so as to permit the maintenance of a double observing party.
This work is noticed under another head.

Between January 11 and June 10 a reconnoissance was made for a
primary triangulation to extend from the vicinity of Alice, Tex., to
the Rio Grande opposite the northern end of the scheme of triangula-
tion extended along the ninety-eighth meridian by the Mexican Gov-
ernment, and also for a primary triangulation extending down the
Rio Grande from the approximate location of the ninety-eighth merid-
ian to Point Isabel, Tex. At the latter point provision was made for a
connection with the primary triangulation in the vicinity of Point
Isabel. The necessary signals were erected for the use of observing
parties, and provision made for a connection with the scheme of
triangulation, and also with four monuments of the topographic
survey of the Rio Grande made by the International Boundary Com-
mission, United States and Mexico.

The line Alice West Base-Wood with East Base as the third point
was selected as the base from which to start the work, and the scheme
follows generally the line of the railroad to the Rio Grande and
Point Isabel. At the latter place connections were made with West
Base-Arista, East Base being used for the third point. Unsettled
conditions in Mexico prevented the connection with the triangulation



44 REPORT OF SUPERINTENDENT, COAST AND GEODETIC SURVEY.

along the ninety-eighth meridian done by the Geodetic Commission
of Mexico.

The signal building was conducted by a subparty during the prog-
ress of the reconnoissance and afterwards by the full party. An
observatory was built at Point Isabel longitude station.

TEXAS.

[WILLIAM BoWwiIE.]

In April the inspector of geodetic work proceeded to Texas for the
purpose of inspecting the work of several triangulation parties
operating in that State. Owing to unsettled conditions in Mexico
the connection between the systems of triangulation by the Coast and
Geodetic Survey in the United States and that executed by the
Mexican Geodetic Commission was not completed, but such pre-
liminary arrangements for that purpose as were possible were made.
The several triangulation parties and the signal building parties were
visited and their work found to be in satisfactory condition.

COLORADO, TOWA, KANSAS, MISSOURI, NEBRASKA, AND SOUTH DAKOTA,
[H. E. McCoMB.]

StAaTIONS occuPIED.—C0lorado: Central City, Golden, and Greeley. Iowa: Adel,
Clarion, Des Moines, Estherville,* Forest City,* Humboldt (for Dakota City),
Orange City, Rock Rapids, Sibley, and Toledo.* Kansas: Leavenworth.
Missouri: Grant City, Independence, Liberty, Oregon, Platte City, Richmond,
Rockport, Savannah,* and St. Joseph. Nebraska: Beaver City, Lincoln, Madi-
son, Nebraska City, and Trenton. South Dakota: Elk Point, Fairfax,* and
Yankton.

Magnetic observations were made at the stations named between
July 1 and September 14 and bétween June 14 and June 30. Meridian
lines were established at the stations indicated by asterisks. The
stations were marked with stone posts marked with brass plates and
sunk level with the ground.

Old magnetic stations were occupied at Nebraska City, Nebr., Des
Moines and Sibley, Towa, and Yankton, S. Dak.

Local surveyors displayed much interest in the work and requested
copies of the observations.

NEVADA.

[JoaN H. PETERS.]

By July 1, 1912, the line of precise leveling eastward from San
Francisco, Cal., had been extended to summit of the Sierra Nevada
Mountains, a distance of 266 miles, leaving 323 miles to be completed
in order to make the necessary connection at Beowawe, Nev. The
work was continued eastward to Marmol, Washoe County, Nev., a
station on the Southern Pacific Railway near the eastern point of the
grade going into the mountains. This point was reached on July 13,
1912. The party then proceeded to the eastern end of the uncom-
pleted portion of the line, and work was resumed at Beowawe, Nev.,
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working westward, along the Southern Pacific Railway to Marmol,
which point was reached on October 25, 1912.

Connection was made during the progress of the work with such
bench marks of other surveys as could be conveniently reached. The
permanent bench marks used were of two types, viz, first a brass
disk bench mark set in permanent existing structures of concrete or
masonry, and second a stone post 6 feet long and 6 by 4 inches in its
other dimensions, set in the ground and with 4 to 6 inches of its top
projecting above ground. The usual brass disk was set with cement
in the top of this stone with the top surface of the disk flush with
the top of the stone.

Along the portion of the line between San Francisco and Sacra-
mento the average distance between bench marks was 2.2 miles. Over
the remainder of the line it was 3.6 miles.

A motor velocipede car and a hand car were used for the transpor-
tation of the party.

From experience gained in this work it is concluded that the larger
percentage of nonchecks on steep grades is due to atmospheric re-
fraction caused by inequalities in temperature and that a very small
percentage is due to the inclined footing of the rods.

ARIZONA.
[A. F. Bear, O. H. GAARDEN, and Lroyp W. WEep.] =

Work at the magnetic observatory at Tucson, Ariz., was continued
under the direction of Mr. L. W. Weed until September 18, when the
charge of the observatory was transferred to Mr. A. F. Beal. Mr.

H. Gaarden was attached to the observatory from August 12 to
November 1, and aided in instructing the new observer.

The usual absolute determinations of declination and intensity were
made, scale values determined, and meteorological observations re-
corded twice a day. The usual Weather Bureau reports were made
daily. The magnetograph was kept in operation with but slight in-
terruption, and a continuous record with the seismograph has been
maintained.

Disturbances were recorded and special rapid-rate observations
with the magnetograph were taken on certain term days.

Time observations were taken with the sextant and these were
checked at various times by telephonic time signals and by observa-
tions of star transits. A meridian line 1,027.24 feet in length was
established.

Pacrric Coasr.
WASHINGTON.
[R. B. DEricKSON, Commanding Steamer Gedney.]

In November a detailed topographic and hydrographic survey was
made at Tacoma, Wash., of the Milwaukee railroad docks and ships,
the mouth of the Puyallup River, and the St. Paul Lumber Co.’s
dock. This survey extended out to about the 20-fathom curve in Com-
mencement Bay. A new light and a fog signal were located. The tidal
bench marks established in this work were connected by leveling with
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the city bench marks. At Olympia, Wash., a survey was made of the
water front and of the shoal waters at the head of Budd Inlet. Tides
were observed and the elevation of bench marks determined. Four
old triangulation stations were recovered and marked. The positions
of several new wharves between Olympia and Seattle were deter-
mined and soundings were made alongside the wharves.

[F. H. HARDY.]

In March the positions of the wireless telegraph station at Friday
Harbor, San Juan Island, Wash., were determined.

[H. A. SERAN.]

Between May 27 and the close of June revision work for the correc-
tion of the existing surveys of Puget Sound, Wash., was in progress.
This work includes determinations of the positions of wharves and
prominent buildings in and around the principal ports.

A resurvey of Semiahmoo Peninsula was made and the new
wharves and prominent buildings in Bellingham were determined.
The water front of Anacortes and the shore line of the southern end
of Guernes Island were rerun. The wharves at Coupeville were
located and a resurvey was made of Neah Bay, the new wharves at
Port Angeles and Ediz Hook were determined; a resurvey was made
of Point Wilson and arrangements were made to obtain copies of sur-
veys by the Corps of Engineers, United States Army, of Admiralty
Head and Marrowstone Point.

All of the resurveys and determinations mentioned were made with
the plane-table. Sufficient shore line was run to enable the features
determined to be transferred to the original sheets.

[E. H. PAGENHART.]

SUMMARY OF RESULTS.—Reconnoissance: 300 square miles of area covered, 19
lines of intervisibility determined, 6 points selected for scheme, 1 signal pole
erected, and 3 observing tripods and scaffolds built.

In the spring of 1913 instructions were issued for a triangulation
connecting the survey of the Strait of Fuca with the triangulation in
the vicinity of Grays Harbor, stations to be established along the
coast at intervals of about 10 miles.

Reconnoissance was begun from stations Vancouver, Arched Rock,
and Slip of the triangulation of Fuca Strait and by June 30 was ex-
tended south through six stations to the Quillayute River. Signal
building was carried on by a separate construction party. Four sta-
tions were prepared. On heavily wooded peaks the stations were
built above the trees instead of cutting lanes to clear the lines of sight.
Pack animals were used to transport the party outfit, and a launch
was used along the coast. ‘

OREGON.

[Epcar E. SMITH.]

In February the geographic positions of wireless telegraph stations
at Portland and Astoria, Oreg., were determined by triangulation, At
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Portland two new triangulation stations were established and two old
ones recovered. The towers of the Federal Wireless Telegraph Co. in
Lents and those of the Young Men’s Christian Association in Port-
land were determined.

In Astoria three triangulation stations were occupied. The posi-
tions of the towers of the Marconi Wireless Telegraph Co. at Astoria
and of the Navy-wireless station at North Head were determined.

[E. B. LATHAM.]

On April 28 work was begun on the determination of the geo-
graphic positions of aids to navigation and prominent objects along
the Columbia River. In this work the triangulation stations estab-
lished by the Corps of Engineers, United States Army, were utilized.
Transportation for the party was furnished by the commanding
officer at Fort Stevens. Similar facilities were offered by the light-
house inspector of the district.

It was found impracticable to recover or use the triangulation sta-
tions previously determined by the Coast and Geodetic Survey.

Observations for determining the positions of all lights from the
entrance of the river to stations Cathlamet and Bugby-Hole Light
were made by the end of June.

CALIFORNIA.
[F. WESTDAHL.]

The work of the San Francisco suboffice includes correspondence
relating to matters of interest to the survey on the Pacific coast, at-
tending to the forwarding of instruments and supplies sent from the
office at Washington, making arrangements for the transportation of
officers traveling to or from Pacific coast points or the Philippine
Islands, furnishing information concerning charts and publications,
and other miscellaneous duties,

A resurvey of the immigration station on Angel Island, San Fran-
cisco Bay, was made by Mr. O. J. Bond, jr. The work done consisted
in the mapping of improvements such as houses, roads, and wharves
and releveling over the portions where grading had been done.

Mr. Bond also determined by triangulation the positions of two
towers, suspending an electric power cable over the entrance to Oak-
land Harbor, and of a new wharf in Monterey Bay.

The position of the Marconi wireless tower at Marshfield, Oreg.,
was determined by the officer in charge of the suboffice.

Information relative to the coasts of California and Oregon for
insertion in a new edition of the table of depths for channels and
harbors was gathered.

The construction of a whaleboat for use by a survey party in the
Hawaiian Islands was ordered and the boat when completed was in-
spected and forwarded.

Tidal observations with an automatic gauge at Sausalito were con-

tinued during the year.
: [FREMONT MORSE.]

SUMMARY OF RESULTS.—Reconnoissance: 29.8 square miles of area covered, 61
lines of intervisibility determined, 17 points selected for scheme. Triangula-
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tion : 29.8 square miles of area covered, 10 signal poles erected, 33 stations occu-
pied for horizontal measures (16 topographically), 33 geographic positions de-
termined (13 topographically).

In January and February determinations were made either trigo-
nometrically or by topographic methods of the positions of wireless
telegraph towers as follows: Eureka (two towers), Sacramento, San
Francisco (two Marconi towers), San Francisco (two Federal
towers), San Luis Obispo, East San Pedro, Avalon, Los Angeles
(two towers), and San Diego.

The position of a new lighthouse established at the end of San
Pedro Breakwater was determined by triangulation.

ALASKA.V
[F. L. ApAMS.]

The magnetic observatory at Sitka, Alaska, continued in operation -
throughout the year.

The Eschenhagen magnetograph and the Bosch-Omari siesmo-
graphs made continuous records and the required absolute observa-
tions, scale-value determinations, and daily meteorological observa-
tions were made.

Special rapid-rate registration was carried out on specified term
days in each month in accordance with requests for international
cooperation.

The observatories and instruments are in good condition.

Fourteen earthquakes were recorded between July 1 and December
31 and 13 between January 1 and June 30. There were few mag-
netic disturbances in this period.

[R. M. ParToN, Commanding Steamer Haplorer.]

SUMMARY OF RESULTS.—Topography: 87.7 miles of general coast line sur-
veyed. Hydrography: 3564 square miles of area covered, 1,444.7 miles run
while sounding, 5,776 angles, 17,119 soundings, 4 tide stations established.

During the season of 1912 the steamer Zwplorer was employed on
the survey of the approaches to the Kuskokwim River.

In accordance with instructions the hydrography was confined to
the channels and the shoals within them, and soundings were carried
toward the shore only to a depth of 10 or 12 feet. But four signals
were erected for the hydrography, prominent natural objects being
generally used for the purpose and these being afterwards deter-
mined in position by triangulation and traverse measurement. A
series of north and south lines of soundings was run, spaced about
half a mile apart.

The area covered by the soundings includes the approaches to the
Kuskokwim from a north and south line approximately 5 miles west
of Cape Newenham eastward to the entrance to Goodnews Bay.

In the limited season available for work, with unfavorable weather
conditions, it was found impracticable to thoroughly develop all of
the shoal areas discovered during the work. Within the limits of the
region surveyed there is a dangerous shoal area, trending north-
northeast (true) from a point three-fourths of a mile north of Cape
Newenham for a distance of 9} miles. The least depth found on this
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shoal was 8 feet at mean lower low water, but it is probable that there
is as little as 6 feet in places. The bottom in this vicinity is
irregular.

A second shoal area with 6 fathoms of water or less was discov-
ered, beginning at a point 13 miles north by west (true) from Cape
Newenham and thence trending in a northerly direction for about 10
miles. 'This shoal, as defined by the 6-fathom curve is long and
narrow, having a width of from 1 to 2 miles. The least water found
on it was 22 feet.

In order to determine the position points for the hydrography an
additional triangulation station was established near the southern
limit of the work of the previous season, and from this a traverse
line was carried ahead, first with the plane table and afterwards with
the transit and stadia. This traverse line being found in error, an
additional station was established at hydrographic signal “ Back,”
about 5 miles south of Red Mountain. The position of this point
was determined by measuring with the tape a traverse along the
beach from triangulation station Loz to two points to the south-
ward from which station Back could be determined. An azimuth
was carried ahead independent of the traverse. -

By this means six points were determined with an accuracy suffi-
cient for the purposes of the hydrography. Five of these points have
a direct check on the triangulation of the previous season.

Magnetic observations were made at Seattle, Wash., at the begin-
ning and end of the season, at Unalaska and at a shore station on the
working grounds.

The ship was swung for compass deviation at Union Bay, British
Columbia.

Work was closed on September 18 and the vessel proceeded to
Seattle.

The survey of the Kuskokwim was resumed early in June and was
in progress at the close of the fiscal year.

[F. H. HArpY, Commanding Steamer Yukon.]

SUMMARY oF RESULTS.—Triangulation: 50 square miles of area covered, 30
signal poles erected, 27 stations occupied for horizontal measures, 30 signal
poles erected, 26 geographic positions determined. Topography: 170.7 square
miles of area surveyed, 92.9 miles of general coast line, 8.5 miles of roads, 2
topographic sheets finished. Hydrography: 190 square miles of area sounded,
444 miles run while sounding, 1,297 positions determined, 6,464 soundings, 1 tide
station established, 2 hydrographic sheets finished.

The party on the steamer Yukon was engaged during the season of
1912 in the triangulation, topography, and hydrography of Turn-
again Arm, Cook Inlet, Alaska.

Work was retarded by unfavorable weather and by the violent
winds and strong tidal currents in Turnagain Arm.

By the close of the season on September 22 the triangulation and
topography of Turnagain Arm had been carried from a line 1 mile
west of Chickaloon River to triangulation station Salt eastward to
the head of the arm, and the hydrography of the adjacent area
completed.

The party returned to Seldovia in April to put the steamer Ywukon
and launch A7’phe in commission. In May a rock at the entrance to

14877°—13—4
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Coal Bay, Port Graham Harbor, was located. Field work of hydrog-
raphy in Kuskokwim Bay was begun on June 10 and was in progress
at the close of the fiscal year.

[C. G. QUiLLIAN, Commanding Steamer McArthur.]

SUMMARY OF RESULTS.—Triangulation: 65 square miles of area covered, 26
signal poles erected, 14 stations occupied for horizontal measures, 10 geo-
graphic positions determined. Topography: 68 square miles of area surveyed,
159.5 miles of general coast line, 2 topographic sheets finished. Hydrography :
749 square miles of area covered, 905.2 miles run while sounding, 3,963 positions
determined, 6,025 soundings, 3 tide stations established, 3 hydrographic sheets
finished.

On July 1 the party on the steamer McArthur was engaged in
surveys on the coast of southwestern Alaska.

The work done during the season included a complete topographic
survey of Aialik Bay on a scale of 1/40,000, a hydrographic survey of
the bay plotted on the same scale, also complete excepting a small
area immediately outside of the Chiswell Tslands, and soundings for
about 15 miles off the entrances to Aialik Bay and Resurrection Bay.
During the course of this work two automatic tide gauges were kept
in operation for three months, observations for magnetic declination
were made on Aialik Bay at Seward, and the contours were sketched
in on the western side of the peninsula which terminates in Cape
Resurrection.

Only sufficient triangulation was executed to control the topo-
graphic work and the majority of the signals were located with the
plane table.

The weather during the season was unfavorable for rapid progress
and owing to the exposed situation of this portion of the coast the
time available for surveying operations was limited.

Between October 6 and 14 a hydrographic examination was made
of Nakat Harbor.

Work was closed for the season on October 14 and the vessel sailed
for Seattle, arriving October 18.

On her way to the working ground in Cook Inlet the steamer
McArthur stopped to make a reconnoissance survey of Burnett Inlet,
extending from a small island on the eastern side to the upper end
of the islands just above the cannery.

The shore line was run in on a scale of 1/10,000 on a plane-table
traverse. Sounding lines were spaced 200 meters apart in the area
immediately off the cannery and slightly wider apart, further out.
A shoal previously reported was located and another shoal with 15
feet of water on it was discovered. Points for the survey were lo-
cated by a plane-table triangulation. A number of points were
marked for future reference. Azimuth observations were made from
a station on the cannery wharf. Magnetic observations were made
with compass declinometer and the ship was swung to give the mag-
netic declination.

Upon the completion of this work the MeArthur proceeded to
Seward, Alaska, touching at Juneau to inspect the tide gauge there.

The position of the city dock at Petersburg was determined and
located on the chart. The tide gauge at Juneau was inspected and
put in order and the gauge was connected by leveling with the tidal
bench marks,
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A party was established in camp for the survey of Iniskin Bay.
The main party then proceeded with signal building and reconnois-
sance with the object of extending the triangulation into Kamishak
Bay. A base line 1,000 meters in length was measured at Iniskin
Bay and the local triangulation was taken up by the camping party.
Topography was begun as soon as sufficient stations were determined.
By June 30, 16 stations had been built in Kamishak Bay and 7 of
them had been occupied, 2 tide gauges had been established, and about
16} miles of topography had been completed.

[R. B. DERICKSON, Commanding Steamer Gedney.]

SUMMARY OF RESULTS.—Triangulation: 392 square miles of area covered, 38
signal poles erected, 32 geographic positions determined, 22 stations occupied for
horizontal measures. Magnetic work: 8 stations occupied for magnetic observa-
tions, 2 complete swings of ship for magnetic deviation. Topography: 117.3
miles of general coast line, 5 topographic sheets finished. Hydrography: 274.5
square miles of area sounded, 945.1 miles run while sounding, 3,666 positions
determined, 4,778 soundings, 3 tide stations established, 5 hydrographic sheets
finished.

During the period from July 1 to October 3, when work was closed
for the season, the party on the steamer 7'aku was engaged in general
surveys in Prince William Sound, Alaska.

The triangulation, topography, and hydrography of Port Wells
which had been begun on June 19 were completed on August 26.
Between August 30 and October 3 the party was engaged in the
survey of Simpson Bay.

At Port Wells heavy rains were experienced and the weather con-
ditions during the season were generally very unfavorable to work.

By July 5 the erection of signals for the triangulation was com-
pleted. The occupation of stations was then begun and by July 23
the triangulation was completed. All triangulation stations, both
those in the main scheme and the intersection stations, were marked
with C. & G. Survey disk marks cemented into drill holes in the
rock, and descriptions of the stations were made to accompany the
records. ‘

The topography of Port Wells is included on two sheets, one on a
scale of 1/20,000 and the other on-1/40,000 scale. This work was
completed on August 26. Y

The hydrography was begun on July 27 and completed August 24.
It includes Culross Island; east and west Twin Bays on the north
side of Perry Island; the entrance to Perry Island Passage from
Axil Lind Island on the north to Upper Passage on the south, and as
far east as the surveyed area west of Naked, Storey, and Knight
Islands, and through Perry Island Passage from Lone Island and
the Dutch group of islands to the entrance to Port Wells. The only
shoal of any size or importance extends for about three-fourths mile
to the northward from the north end of Lone Island. Deep water,
from 200 to 300 fathoms, lies north of this and between Lone Island
and the Dutch group, affording a broad, deep entrance to Perry
Island Passage. A rock, bare at low water, was located about one-
fourth mile south of Fool Island. Deep water lies between this rock
and Perry Island. Perry Island Passage is clear with depths of 100
to 300 fathoms,
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Tide observations with automatic gauge and staff were made at a
station in Culross Bay from July 19 to August 25, and three tidal
bench marks were established. Observations for magnetic declina-
tion were made at station Tree on August 23. On August 29 mag-
netic observations were made at station Nibsy on Observation Island.
On the way to Simpson Bay the ship was swung for compass devia-
tion on August 30.

On August 31 work was begun on the survey of Simpson Bay.
Signals were erected for the triangulation and a plane-table triangu-
lation was carried to the head of the bay. A tide stafl was erected in
Simpson Bay and three tidal bench marks established. The survey
of the north area of the bay was completed on October 3, when work
was closed for the season. :

Work was begun on Eshamy Bay in May, 1913. The signal build-
ing and observation of angles were completed on May 26 and the
sounding was then begun. The weather was favorable and with two
topographic and one hydrographic parties at work the survey from
the entrance of Port Wells to Port Nowell was completed by June 27.

[R. B. DErIcKSON, Commanding Steamer Gedney.]

SUMMARY oF REsULTS.—Triangulation: 85 signal poles erected. Topography :
166.5 square miles of area surveyed, 301.8, 3 miles of shore line of creeks, 4
miles of roads and railroads, 7 topographic sheets finished. Hydrography :
144.2 square miles of area sounded, 1,606.2 positions determined, 21,183 sound-
ings, 10 tide stations established, 1 current station occupied, 8 hydrographic
sheets finished.

At the beginning of the fiscal year the party on the steamer Gedney
was engaged in the survey of Tlevak Strait in southeastern Alaska.

During the latter part of June the necessary triangulation points
had been recovered, signals erected, and other preliminary operations
completed. Supplemental points were determined where necessary
with the plane table.

The topography was practically confined to the shore line and ad-
jacent mountain peaks. The topographic survey extends from Mellen
Rock on the north and Shoe Rock on the south entrance of Tlevak Strait
and was carried along the north end of Long Island from near Shoe
Rock to Howkan village, thence along the east coast of Dall Island from
opposite Howkan village to the south end of Suemez Island. This
embraces the entire west shore of Tlevak Strait with the exception
of Buldy Bay (View Cove). On the north and east side of the strait
the shore line was surveyed from near Mellen Rock and Jackson
Island along the south end of Sukkwan Island to the McFarland
Islands, including the largest of the McFarland Islands.

From the west entrance of Sukkwan Pass the topography was car-
ried along the coast to the North Pass and thence along the shore
line of Halibut Nose including the northernmost of the Corlies
Islands and the group called Nichols Islands. The topography is
included on two sheets on a scale of 1/20,000. An additional pro-
jection on a scale of 1/10,000 was completed, extending from Hali-
but Nose and North Bay on the south to the south end of Suemez
Island in the north. The shore line from the south end of Suemez
Island to Cape Flores was sketched in by the hydrographic party.

The only part of the season’s work not completely controlled by
triangulation is the channel of Sukkwan Straits, extending from its
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west entrance to Tlevak Strait to the new town of Hydaburg, oppo-
site Sukkwan Narrows. This work was taken up at the close of the
season after Tlevak Strait had been completed from Cordova Bay
to Bucareli Bay.

A topographie sheet on scale of 1/5,000 was constructed, three tri-
angulation stations at the south end of the sheet were plotted, and
from these a plane table and sextant triangulation was carried to the
town of Hydaburg, a distance of 3 miles. Flags were placed along
the shore line, which were used as signals by the hydrographic party.
A reconnoissance and sketch of the North Pass of Sugfiwan Straits
from Tlevak Strait to the completed work at Hydaburg was plotted
on a separate sheet which joins the work on both the 1/20,000 and
1/5,000 sheets.

The hydrographic work done during the season extends from
Lacey Island and Shoe Rock at the southeast end of Tlevak Strait
along the shores and in the bays at the north end of Long Island
and the south end of Sukkwan Island, also the bays along the north-
east coast of Dall Island with the exception of Buldy Bay (View
Cove). The entire area between Sukkwan and Long Island was
covered and that portion of the Strait along the east coast of Dall
Island west of a line joining the McFarland and Nichols Islands,
and from Nichols Islands to Halibut Nose, the entrance to Soda
Bay and Channel extending from the Lively Islands, through Ulloa
Channel to Bucareli Bay, giving a complete hydrographic survey of
Tlevak Strait Channel from Cordova Bay to Bucareli Bay, a dis-
tance of 34 nautical miles and covering 4 hydrographic sheets. The
soundings previously taken in Tlevak Strait were supplemented and
the survey in that vicinity extended to the bays and channels north-
east of the Narrows.

After completing the work in Tlevak Strait a hydrographic survey
of Sukkwan Strait from its entrance to Tlevak Strait along the main
ship channel to the anchorage off the town of Hydaburg was com-
pleted. This covers the most intricate portion of Sukkwan Strait.

Tides were observed during the season with staff gauges and with
an automatic gauge.

Observations of currents were made during the progress of the
hydrography and sufficient data gathered to determine the relation of
slack waters in Sukkwan Narrows to the predicted high and low
waters at Sitka.

Magnetic observations for declination were made at Turn Point
and at the south end of Tlevak Strait.

As the result of information gained during this survey south-
bound vessels desiring a shorter inside route from Christian Sound
can now make a saving of 25 to 30 miles by the Tlevak Strait route.

Vessels calling at the Klawak cannery, one of the largest canneries
in southeastern Alaska, when bound for other ports on the west coast
of Prince of Wales Island, have heretofore rounded the north and
south ends of Prince of Wales Island, making an unnecessary detour
of 170 miles between the ports of Sulzer and Klawak.

Work for the season was closed on October 12 and the vessel pro-
ceeded via Metlakatla and Ketchikan to Seattle arriving October 30.

In the spring of 1913 the survey of Kasook Inlet was completed.
The position of a submerged rock at the north end of Grand Islands
in Tlevak Strait was determined, and work was begun in Bucareli
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Bay. Assistance was rendered the Pacific Coast Co.’s steamer
Curacao in getting off a reef at the south end of Fish Egg Island,
and when that vessel was afterwards wrecked on a submerged rock
and beached in Tonawek Bay, the passengers and crew with express
and mail matter were taken off and conveyed to Ketchikan by the
Gedney. The rock on which the Curacao struck was afterwards
located and determined in position.

Triangulation stations established in 1906 were recovered and
signals erected through San Christoval Channel. Tidal observations
were made in the progress of the work. The area from Catalina
Island to northwest of Lazaratita Island was thoroughly surveyed
and temporary ranges showing the axis of the main ship channel
were erected. Old triangulation stations were then recovered, sig-
nals were built and the hydrography and topography were continued
to the southward of Cape Lynch. This work was in progress at the
close of the fiscal year.

[F. WESTDAHL, Commanding Steamer Patterson.]

SUMMARY oOF RESULTS.—Triangulation: 1,100 square miles of area covered,
24 signal poles erected, 5 observing signals built, 28 stations occupied for hori-
zontal measures, 9,stations occupied for vertical measures, 30 geographic posi-
tions determined. DMagnetic work: 3 stations occupied for magnetic observa-
tions. Topography : 58 square miles of area covered, 135 miles of general coast
line surveyed, 1 topographic sheet finished. Hydrography: 15 square miles of
area sounded, 134 miles run while sounding, 1,093 angles measured, 1,773
soundings made, 3 tide stations established, 1 hydrographic sheet finished.

During the period from August 17 to October 23 the party on the
steamer Patterson was engaged in general surveys in Clarence Strait,
southeastern Alaska. The work done included triangulation, to-
pography, and hydrography, but in accordance with instructions es-
pecial attention was paid to the advancement of the triangulation.

The triangulation was extended in a general northerly direction
from the base Lazaro-Ken to a junction with previously established
stations on Caamano Head, Grinall Island, and Island Point.

The topography was begun near Cape Chacon. A projection was
prepared on a scale of 1/20,000 to reach from that point northward
to Scott Point, including McLean Arm, Gardner Bay, and Kendrick
Bay. Two more projections were prepared on the same scale, the
first to cover Ingraham Bay and the southern part of Moira Sound,
and the other the northern part of Moira Sound, but owing to un-
favorable weather work was not completed on either of these sheets.
The existing chart of Niblack Anchorage and the sailing directions
for that harbor were found to require considerable correction.

A limited hydrographic development was made of the inlets sur-
veyed. They are all so deep that no more is needed. The shores are
steep to, except at the head of the inlets, and there are few hidden
dangers. The rocks exposed at low tide are, as a rule, flat-topped and
smooth as if ice worn. Hydrographic work was done in McLean
Arm, Gardner Bay, Kendrick %ay, in the bay north of Kendrick
Bay, and Niblack Bay.

The rock shown on chart 8100, 1} miles southeastward from Wedge
Island, marked as exposed at low tide, was carefully searched for
but not found. TIts removal from the chart is recommended. The
reef southwest of Dall Head, marked ¢ position doubtful” on the
same chart, was found and its position determined.
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At Port Chester the depths at the anchorage shown on chart 8074
were found to be greater than the soundings on the chart would
indicate. '

Tides were observed at McLean Arm, Kendrick Bay, and Niblack
Bay, but not for a sufficiently long period for the computation of a
plane of reference. :

Magnetic observations were made at Union Bay, British Columbia,
and the ship was swung to determine the deviation of the compass. =

Field work was closed on October 24 and the vessel sailed for
Seattle, arriving October 31.

[J. B MirLEr, Commanding Steamer Patterson.]

SUMMARY oF RESULTS.—Physical hydrography: 102 surface temperatures
taken at sea, three current stations occupied. Longitude: One longitude sta-
tion occupied. Base measure: One secondary base line 0.8 kilometer in length.
Magnetic work: Two ship stations occupied for magnetic observations and two
shore stations occupied for magnetic observations.

The steamer Patterson began work in southeast Alaska in the early
part of June and surveys were begun in two localities. For this
purpose a party of 4 officers and 14 men with 8 power boats was put
to work on a survey of the Shumagins while the steamer was engaged
upon hydrography on Davidsons Bank, 60 miles southeastward and
seaward from Unimak Pass, and 125 miles distant from the work of
the detached party. The work in the Shumagins was begun in
Zachary Bay on Unga Island, Humboldt Harbor on Popof Island,
and the northern approach of both, and was extended eastward and
southeastward through Popof Strait toward Nagai Island. The
hydrography upon which the ship began work lies at a distance of
about 40 miles offshore, southeast of Unimak Pass and southward
and southwestward of Sannak Islands, and consisted of a search for
two rocks which are indicated on the charts in the track of vessels
approaching Unimak Pass from the southeast, but the existence of
which is considered doubtful. This work was in progress at the close
of the year. Tidal observations were begun at Sand Point in the
Shumagin Islands with an automatic gauge to serve as a base station
and subsidiary stations were occupied on the neighboring islands.
Current observations were made at all open anchorages. No unusual
or striking features of either tides or current were developed, the
currents observed being moderate in strength, ranging from one-half
to 2 knots. Magnetic observations were made at the base station at
Seattle and at a new station at Sand Point in the Shumagin Islands.
Observations were also made in Shelikof Strait between Semidi
Islands and the mainland. The usual compass declimometer observa-
tions were carried through the Shumagin Islands.

OuTLYING TERRITORY.
PHILIPPINE ISLANDS.
[P. A. WELKER, Director of Coast Surveys.]

The Director of Surveys in the Philippine Islands, whose office is
at Manila, has immediate direction of the details of the field and
office work in these islands under general instructions from the Super-
intendent of the Coast and Geodetic Survey, makes plans for field
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work, and issued instructions to field parties. The results of mag-
netic observations made in the field are reported and discussed in the
office at Manila, and drawings for new charts are there prepared
and transmitted to the office at Washington for publication. The
general plan of the division of the expenses between the Government
of the United States and the Philippine government, which has ap-
plied since January 1, 1902, was observed during the year.

The first half of the fiscal year was notable as being one of the
most stormy and disastrous seasons that have been known in the
Philippine Islands. Stormy weather prevailed during much of the
time and the regions of the field surveying operations were visited
by most severe typhoons on November 6, 25, and 26, and on December
15 to 16. The destruction caused in the paths of these typhoons has
been made the subject of individual and press reports and no detail
repetition is considered necessary. The many lives that were lost,
vessels that were beached and foundered, and the great destruction
to property on shore are all matters of record. The most serious
loss to the Coast and Geodetic Survey was the foundering of one
of the launches of the steamer Pathfinder in Cebu Harbor October
15; the stranding of the steamer M arinduqgue on the coast of Palawan
November 6, necessitating the loss of the services of the vessel for
two and one-half months; the destruction of the surveying signals in
the localities of the work; and the great amount of time lost by the
various vessels on account of the weather conditions being too stormy
for field operations. In addition to the time lost at work may be men-
tioned the extraordinary repairs required to the steamers Pathfinder
and M arinduque, which kept the former out of the field for five months
and the latter four and one-half months, resulting in a considerable re-
duction in the output of work. Except during intervals when repairs
were necessary to the vessels, the parties attached to the five steamers
available for duty were continuously engaged in the field. There
was also one shore party engaged for seven and one-half months dur-
ing the year in making observations for the determination of the mag-
netic elements in the various parts of the islands.

A reference to progress sketch No. 15 will show that the surveys
of the coast of the Philippine Islands have covered all of the localities
which are at present of any considerable commercial importance, the
remainder of the work being in localitiés many of which are danger-
ous for navigation but which at the present date are seldom
visited by vessels engaged in trade. The unsurveyed regions are
at such great distances from the base of supply and so far from the
general lines of travel for merchant vessels that the matter of arrang-
ing for furnishing the various vessels of the Survey with coal,
oil for motor launches, and general supplies has become a serious
problem. The nearest base of supply for the Pathfinder is 260 miles,
the Romblon 250 miles, the Fathomer 135 miles, the Research 130
miles, the Marindugue 90 miles. Some of these distances will greatly
increase as the worﬂ progresses. The necessity for establishing coal-
ing stations nearer the localities of work will therefore be recognized.

During the fiscal year 1913 there was completed the most extensive
and probably the most important trigonometrical survey that has
been executed in the Philippine Islands. The triangulation over the
large water area bounded by Luzon, Burias, Mastate, Panay, and
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Tablas Islands, thence extending via Mindoro and Panay across the
Cuyos to the Calamianes and Palawan, thence northward over Apo
Reef and Verde Island Passage to a connection with the former
work in the Lubang Islands, was all completed during the fiscal year.
This work involved lines as much as 91 statute miles in length, the
longest that will be required for any survey in the Philippine Islands.
It 1s gratifying to note that there is now a connected system of tri-
angulation over the greater part of the coast of the Philippine Islands,
which will permit the adjustment upon a uniform datum to proceed
without any interruption. By reference to the progress sketch, it
will be seen that little triangulation of a secondary class will be
required in the future, the trigonometric work remaining for execu-
tion being almost entirely of a tertiary class.

During the fiscal year there has been the usual exchange of results
and harmonious cooperation with the naval and military authorities,
and the various bureaus under the government of the Philippine
Islands.

During the year 1,018 square miles have been covered by reconnois-
sance, 12,916 miles of triangulation have been completed, and 945
miles of coast line surveyed, 923 square miles of topography have been
surveyed, and 32} topographic sheets completed. The hydrographic
work has covered 10,604 square miles, 22 tide stations have been
occupied, and 474 hydrographic sheets have been completed. The
general coast line surveyed during the year is about 5.2 of the total
length. Since the beginning of the work about 63 per cent of the
general shore line has been surveyed.

Among other matters that received the attention of the Director
of Coast Surveys were the series of tide observations at the automatic
tide-gauge stations at Manila, the compilation of a revised table of
distances between ports in the Philippine Islands, the compilation of
a list of Philippine geographic names, and the work of the Harbor
Lines Commission, of which the Director is a member.

During the fiscal year sections 1 and 5 of the Philippine Islands
Sailing Directions were revised and republished, five Notices to
Mariners were prepared and published, and much original hydro-
graphic information was obtained. The chief of the nautical division
served as a member of the Lighthouse Board of the Philippine
Islands.

The sale and distribution of the charts and other publications of
the survey was attended to by the suboffice at Manila.

Five new maps of the Philippine Islands were compiled in the
geographic division, and progress was made in the compilation of a
number of other maps. Among these is a map of the entire Philip-
pine Archipelago on a scale of 1/1,000,000 which will conform to the
scale adopted by the International Geographic Congress for an atlas
of the world.

[F. G. ENGLE, Commanding Steamer Research; Wm. M. STEIRNAGLE, Command-
ing Steamer Research.]

SUMMARY OF RESULTS.—bH90 square miles of area covered, 9 stations selected
for secondary scheme, 13 lines of intervisibility determined. Triangulation:
1,540 square miles of area covered, 24 signals and scaffolds erected, 16 stations
occupied for horizontal measures, 47 geographic positions determined. To-
pography : 58 square miles of area surveyed, 155 miles of general coast line
surveyed, 13 miles of rivers and creeks, 18 miles of roads, 44 topographic sheets
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finished. Hydrography: 1,308 square miles of area sounded, 5,086 miles run
while sounding, 61,225 soundings, 7 tide stations established, 91 hydrographic
sheets finished.

At the beginning of the fiscal year the party attached to this
steamer was engaged in general surveys in the region about Masbate,
Biliran, Maripipi, and Talajit Islands. The triangulation covering
this area was completed before the beginning of the year.

Topographic work was executed on the north coast of Biliran
Island ; over the entire areas of Generuan, Tagampul, Tomasa, Sam-
bauan, Maripipi, Balanguingue, Bugton, and Basley Islands; and on
the east coast of Masbate Island from Caduruan Point to Catain-
gan Bay.

Complete hydrographic surveys were made over practically the
entire area, extending from a point about 2 miles east of Maria
Island to Caduruan Point on Masbate Island, thence along the east
coast of Masbate to the head of Cataingan Bay, thence southeasterly
to Bugton Island, thence to a point about 1 mile northwest of Talajit
Island, around this island at a distance of about 1 mile, and thence to
Tomasa Island, thence due south to the north shore of Biliran Island,
westerly along this shore to Tincansan Island, thence west for a
distance of 6 miles south for 11 miles, and thence to the point of
beginning.

An automatic tide gauge was kept in operation in Santo Nino Har-
bor, Santo Nino Island, until July 15, when it was moved to Catain-
gan Bay. Staff gauges were erected and read when required for the
purpose of reducing soundings.

In December work was begun on the south coast of Masbate Island.
An automatic gauge was established at Guion, and a traverse for lo-
cating hydrographic signals was run from Caduruan Point to Nanco
Point on Masbate Island, a distance of about 16 miles.

In January the work of triangulation and hydrography was in
progress on the south coast of Masbate. The hydrography was
finished by March 6 and the triangulation by March 22, thus complet-
ing all necessary surveys in that region.

The triangulation consisted of one large quadrilateral and one
small triangle, the longest line being about 42 miles. Tt furnishes a
connection with previous surveys in that locality. The topography
which covered one-half a sheet was for purposes of verification only.

The hydrography was carried over the region approximately from
Caduruan Point to Buri Point on the south coast of Masbate and
extending offshore to Tanguingui Island Lighthouse and connecting
with previous surveys.

An automatic tide gauge was established at Guion and was kept
in operation from December 21 to March 12.

One sea station for magnetic declination was occupied northwest
of Guinauayan Island.

On March 24 work was begun in the area between Masbate and
Samar, beginning on the coast of Samar. Triangulation was ex-
tended from Tagapula Island northward to southern Luzon and
through San Bernardino Strait to San Bernardino Lighthouse.
On May 14 final connection was made with the work of 1902 in San
Bernardino Strait. Topography on the west coast of Samar was
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completed from Malayoc Point to Balicuatro Point, connecting with
previous surveys. The topographic work also included the entire
areas of Dalupiri and Capul Islands.

The hydrography inshore was extended over the limits of the
topography on the west coast of Samar and also around Dalupiri
Island and along the east side of Capul Island. The offshore hydro-
graphy was extended to the limits of the topography on the Samar
coast and for about 12 miles from the shore. Tide observations with
an automatic gauge were made at Mano River, Samar, and staff
readings were made at other points in the progress of the work.

[L. O. CoLBERT, Commanding Steamer Marinduque.]

SUMMARY OF RESULTS.—Triangulation: 2,252 square miles of area covered,
40 signals and scaffolds erected, 28 stations occupied for horizontal measures,
83 geographic positions determined. Topography: 298 square miles of area
surveyed, 162 miles of general coast line surveyed, 72 miles of rivers and
creeks, 2 miles of roads, 10 topographic sheets finished. Hydrography: 1,857
square miles of area sounded, 2,631 miles run while sounding, 35,662 soundings,
1 tide station established, 15 hydrographic sheets finished.

The survey of Ragay Gulf, Luzon Island, by the party on the
steamer M arinduque was continued from July 1 until July 30, when
work for the season was temporarily suspended. During this time
the hydrography of the area remaining unfinished in Ragay Gulf
was completed. The topographic survey of the shore line of the
Gulf was closed by an 18-mile traverse over the section between Pusgo
and Lian Points. An automatic tide gauge was continued in opera-
tion until the close of the work. '

In October work was begun on the east coast of Palawan and
continued until November 6, when the steamer was stranded on a
reef during a typhoon and was taken to Manila for repairs. In this
region the triangulation was advanced in cooperation with the party
on the steamer Fathomer from the line Cabulauan to Dalan on the
islands of Cabulauan and Dalanganen. This line had previously
been established by the party on the Fathomer. The resulting figure
connected the points Cabulauan, Dalen, Pina, and Norte. From the
line connecting the last two points the work was carried to the north,
south, and west, connecting the island of Palawan with the general
scheme of the triangulation of the Philippine Islands. Signals were
erected to the southward as far as the line Pagdanan to Green. Five
intersection stations were established and observations for the loca-
tion of many prominent mountain peaks were obtained.

In January the M arinduque began work on the west coast of Min-
doro. A main scheme of triangulation was carried up the coast
from Apo Reef to Verde Island Passage, and subsidiary points were
located for the control of the topography and hydrography. The
topography was carried from the mouth of the Luminato River to
Balto Point on the north coast of the island, joining with the work
of 1906. The inshore hydrography was completed within the same
limits as the topography. The offshore soundings were carried to
the 1,000-fathom curve, a distance of about 15 miles from the west
coast and 5 miles from the north coast. The hydrography included
the development of Discovery Bank and Mamburao Reef. - Tide staff
readings were made in the progress of the work.
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[R. F. Luce, Commanding Steamer Romblon.]

SUMMARY OF RESULTS.—Triangulation: 1,433 square miles of area covered, 44
signals and scaffolds erected, 16 stations occupied for horizontal measures, 47
geographic positions determined. Topography: 171 square miles of area sur-
veyed, 210 miles of general coast line surveyed, 6 topographic sheets finished.
Hydrography : 1,335 square miles of area sounded, 4,114 miles run while sound-
ing, 59,875 soundings, 6 tide stations established, 10 hydrographic sheets finished.

During the season from July 1 to September 19 the steamer Rom-
blon was engaged in general surveys in the vicinity of Burias, Mas-
bate, Sibuyan, and Romblon Islands,

All of the triangulation in the area covered by the instructions for
this work had been completed prior to July 1 and the work after that
date consisted entirely of topography and hydrography.

The topography done during the period mentioned was the map-
ping of the shore line of the following localities: North coast of Mas-
bate Tsland, between Bugui and Colorada Point Lighthouses; Rom-
blon Island, between Tongo and Apunan Points; and Alad and
Cobrador Islands.

The hydrographic work done covers the following areas: North
coast of Sibuyan Island, near the town of Magallanes; between Bugui
and Colorada Point Lighthouses; northeast coast of Romblon Island
and shores of Alad and Cobrador Islands; reefs near Cresta de Gallo
Island; offshore work east of Sibuyan Island; northeast coast of
Romblon Island and north coast of Romblon Island.

In general, in the entire work, lines were run radially to the coast
to at least 1 mile from the shore, and beyond that usually parallel to
the shore.

Inside the 25-fathom curve the lines were spaced about 100 meters
apart and outside the 25-fathom curve from 250 to 275 meters apart
except where the bottom was extremely irregular, when a smaller
interval was used. Between the 65 and the 110 fathom curves the
lines were spaced about two and one-half to the mile. Qutside the
110-fathom curve soundings were taken about 8 miles apart.

Tidal observations with an automatic gauge and tide staff were
made at Romblon, and a tide staff was also established at Magallanes
on the north coast of Sibuyan Island, and continuous readings were
taken there, day and night, for five days for the purpose of establish-
ing a plane of reference. '

In October, after completing a small piece of work on the north-
west coast of Masbate Island, combined field operations were begun
in the vicinity of the Lubang Islands.

A tertiary triangulation based upon points previously determined
on the east coast of Ambil Island and west coast of Golo Island was
carried to a point west of the town of Looc and another on Manog
Point, Lubang Island. From the stations determined sufficient points
were located to control the eastern section of the Lubang Islands.

Topographic work was done on the north, east, and south coasts of
Lubang Island; on the east, south, and west coasts of Ambil Island;
and the western half of the south coast of Golo Island. Small de-
tached pieces of topography were also executed on the north and west
coasts of Masbate Island.

For the completion of the survey of the Sibuyan Sea small de-
tached pieces of hydrography were executed off the northwest coast
of Masbate Island.
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In the region about the Lubang Islands hydrographic work was
done as follows: On the south coast of Lubang Island from Tapusan
to Manog Point; southern part of Golo Passage from Manog Point
on Lubang Island to a point on the south coast of Golo Island, about
2 miles east of Golo Passage; off the east coast of Lubang Island, from
and including Golo Passage to the town of Looc in Looc Bay; on
south and west coast of Ambil Island,extending about 1 mile offshore;
Port Tilig; off northeast coast of Lubang Island from Balikias Bay
nearly to Antipolo Point; along center of passage Ambil and Lubang
Islands; over a strip 1 mile wide on the north coast of Lubang from
Port Tilig to connect with work on the west coast of Ambil Island;
south coasts of Lubang and Golo Islands from Tapusan Point on
Lubang to a point south of the center of Golo Island; and over the
area north of Golo Island and east of Lubang and Ambil Islands,
extending nearly to the Luzon coast to a connection with the hy-
drography previously executed.

An automatic gauge was maintained at Port Tilig throughout the
season and the staff readings were made at various places.

At the beginning of the calendar year the party attached to the
steamer Romblon was engaged in combined field operations in the
region about the Lubang Islands. That work was commenced on
October 31 and completed on February 7, when hydrography was in-
terrupted by the strength of the northward monsoon. The vessel next
took up surveys in the vicinity of the Calamianes Islands, which were
continued until May 14. Work was then resumed in the vicinity of
the Lubang Islands, the weather conditions being again favorable.
The survey of the Lubang Islands was completed on June 17 and the
vessel was again transferred to the survey of the Calamianes Islands
on June 23. The secondary triangulation in the Lubang Islands
having been completed in the year 1906, only such additional tri-
angulation was executed as was necessary for the location of points
for carrying on the topography and hydrography. For work in the
Calamianes the secondary scheme of triangulation was carried north-
ward from points on Cabulauan Islands and Pinachiuyan Islands,
Linapacan, Culion, and Galloc Islands to Basuanga Islands. From
the points thus established and from those previously established on
Culion and Calambagan Islands, a tertiary scheme of triangulation
for the location of points for topographic and hydrographic surveys
was carried over the region. The topographic work executed during
the second half of the fiscal year consisted of the mapping of all
those parts of the Lubang group that had not been completed previ-
ous to the last report, thus resulting in a complete topographic
survey of those islands. The topographic work in the Calamianes
included the shore line of the west coast of Culion Islands from
Dicabaito to Galloc Islands and the shores of the eastern bay on the
north coast of Linapacan. In the Lubang Islands the topography
was carried over the entire surface of the islands, in the Calamianes
it was carried a few miles inward. The hydrographic work in the
Lubang Islands included the inshore and offshore work necessary to
complete the survey of that region, extending to the westward to in-
clude the 100-fathom curve, to the northward and eastward junction
of previous work, and to the southward to a junction of the work
executed off the north coast of Mindoro. In the Calamianes, inshore
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and offshore hydrographic work was executed within the limits of the
topographic work extending from Dicabaito to Galloc Islands off the
west coast of Culion and also the eastern bay on the north coast of
Linapacan Islands. In connection with the work in the Lubang
Islands an automatic tide gauge at Port Tilig was maintained in
operation until February 13. Staff readings were taken at various
stations throughout the locality of the work. All the staffs in the
Lubang Islands were referred to the datum plane established at Port
Tilig and those in the Calamianes were referred to the automatic
gauge established at Port Uson by the party on the steamer Fathomer.

[EBERHARDT MUELLER, Commanding Steamer Fathomer; T. J. MAHER, Command-
ing Steamer Fathomer.]

SUMMARY oF RESULTS.—Triangulation: 5,378 square miles of area covered, 20
signals and scaffolds erected, 22 stations occupied for horizontal measures, 102
geographic positions determined. Magnetic work: 6 magnetic stations occupied.
Topography : 76 square miles of area covered, 233 miles of general coast line
surveyed, 10 miles of rivers and creeks, 15 miles of roads surveyed, 2% topo-
graphic sheets finished. Hydrography : 4,088 square miles of area sounded, 8,080
miles run while sounding, 56,592 soundings, 5 tide stations established, 2%
hydrographic sheets finished.

During the period from July 1 to December 31 this party com-
pleted the secondary triangulation extending from the Island of
Panay, across the northern part of the Sulu Sea over the Cuyo
Islands to the island of Palawan, which had been begun in March
of the previous year, and extended the survey along the west coast of
Mindoro westward to Apo Reef. The topography and hydrography
of Apo Reef was completed. Tertiary triangulation was executed in
Coron Bay, through Coron Passage and along the east coast of Busu-
anga Island; the topography of part of the east coast of Culion
Tsland and all of the smaller offlying islands was completed and
the inshore hydrography in the same region was almost finished.
The offshore hydrography included such soundings as it was possible
to make while the triangulation was in progress and about 500
square miles of the comparatively shoal area lying east of Culion
Island.

In the survey of Apo Reef the soundings were carried out to depths
of 250 to 500 fathoms, with detailed work around the edge and over
the reef. A channel running east and west through the middle of
the reef was developed, and in this an anchorage affording good
protection from the sea was found. The eastern edge of this channel
contains many rocks with little depth of water over them, and al-
though passage through is possible it is very dangerous except for
small boats.

Numerous uncharted shoals were found and located throughout the
region surveyed, many of which are dangerous to navigation.

Tidal observations were made with an automatic gauge on Bisucay
Island and at Port Uson on Busuanga Island, and staff readings were
taken on Apo Island.

Currents were observed at two stations, one on a shoal 15 miles
east-northeast of Nangaloo Island, the other at the southern ex-
tremity of Apo Reef.

Magnetic declination was observed at six stations, four in the
Calimianes, one on Apo Reef, and one on Dalanganem Island.
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The Fathomer remained at Manila making repairs and obtaining
supplies until March 8, when she returned to the working ground
and resumed work on the surveys in the extensive region having the
Quinilugan Islands as a central point and extending over the area
bounded by Panay, Mindoro, Northern Palawan, the Calamianes,
and Apo Reef. This work was continued without interruption until
April 26, when the steamer returned to Manila for the purpose of
making repairs and transfer of command. The command was trans-
ferred from Mr. Eberhardt Mueller to Mr. T. J. Maher on May 2.
The field work was resumed on May 8. During the remainder of
the fiscal year only a small amount of tertiary triangulation was done
for the control of topography and inshore hydrography. The region
of triangulation being sufficiently large to engage the hydrographic
party for a considerable period. The topographic work was exe-
cuted on the south shore of Busuanga Island and the north shore of
Coron Island. Attention was chiefly confined to hydrography, on
account of the vast unsurveyed water area assigned to the steamer.
Ship hydrography was carried on in the waters of Cuyos, Cabulauan,
and Calamianes Islands and the Apo Reef. This work was offshore
from 15 to 40 miles, necessitating observations distant from 15 to 55
miles. Favorable weather conditions permitted the development of
numerous offshore shoals. Depths varying from 200 to 1,500 fathoms
made up and down casts necessary, and the very regular bottom re-
quired a closer development than is usual in such depths. The sub-
marine sentry was used in localities where irregular bottom was
found with excellent results in locating shoals. By this means shoal
areas missed by the lead were found. Inshore hydrography was exe-
cuted in Coron Passage and off the east coast of Culion Island. Ob-
servations of currents were made at 16 stations. A northwestward
current varying from 1} to 5 knots was found to set from the Sulu
Sea to Mindoro Strait. The automatic tide gauge established in Port
Uson on November 12, 1912, was still in operation at the close of the
fiscal year. Readings for the reductions of soundings were taken from
subsidiary staffs at various points. The vessel was in the field at the
close of the year.

[H. C. DENsoN, Commanding Steamer Pathfinder.]

SUMMARY OF RESULTS.—Base lines: 1 base line measured. Reconnoissance:
428 square miles of area covered, 5 stations selected for secondary scheme, 20
lines of intervisibility determined. Triangulation: 2,311 square miles of area
covered, 56 signals and scaffolds erected, 43 stations occupied for horizontal
measures, 45 geographic positions determined. Azimuth: 1 station occupied for
observations of azimuth. Topography: 320 square miles of area covered, 185
miles of general coast line surveyed, 52 miles of rivers and creeks surveyed, 96
miles of roads surveyed, 9 topographic sheets finished. Hydrography: 2,016
square miles of area sounded, 2,377 miles run while sounding, 26,514 soundings,
3 tide stations established, 10§ hydrographic sheets finished.

At the beginning of the fiscal year the steamer Pathfinder was
engaged in the survey of the southeast coast of the island of Minda-
nao in the vicinity of Mayo Bay, where operations were continued
until July 27. The steamer then proceeded to Davao Gulf for the
purpose of connecting the triangulation previously executed with a
base line that had been measured in Pujada Bay on the east coast of
the island. Stations Samal and Sigaboy of the previous work were
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recovered and remarked and triangulation signals were erected over
them. The triangulation connecting Davao Gulf with Pujada Bay
was finished by August 15 and work was resumed on the southeast
coast of Mindanao between Luban Island and Cape San Augustin.
When this was completed the survey to the northward of Mayo Bay
was again taken up. From September 7 to October 6 work was in
progress between Manay and Baculin Point. Owing to a reported
uprising among the mountain tribes back of Baganga it was regarded
as unsafe to send parties into the interior and the season’s work in
this locality was then closed.

A severe typhoon was experienced on October 15 and 16 while in
Cebu Harbor. Although many vessels were lost the Pathfinder suf-
fered no serious damage. The two launches belonging to the vessel
were sunk, but one of them was afterwards recovered.

During the storm the crew of the Pathfinder rendered valuable
assistance in saving life and property at great personal risk.

On October 23 work was taken up on the unfinished portion of the
west coast of Negros between Binalbagan and Sojoton Point. While
engaged in this region the steamer encountered three typhoons, one
of which made it necessary for the vessel to put to sea, as a harbor
could not be reached. On December 5 the survey of the west coast
of Negros was finished, and on December 19 the vessel sailed from
Manila for Hongkong for necessary repairs.

At the beginning of the calendar year the steamer Pathfinder was
at Hongkong and arrangements were in progress for making exten-
sive repairs, a special appropriation of $20,000 having been made for
the purpose. All the repairs were satisfactorily completed on April
2 and on April 8 the steamer left Hongkong for Manila arriving there
on April 11. The steamer arrived at the working ground on May
18 and field operations were commenced the following day.

A base line of 4,450 meters in length was measured at the head of
Bislig Bay on the east coast of Mindanao from which a triangulation
was extended northward as far as Lamon Point.

The topographic work was completed from Point Sanco to a point
about 6 miles northward of the mouth of the Ninatuan River. The
inshore hydrography was completed between Point Sanco and Lamon
Point and the offshore work was carried from Point Sanco to the
junction of the previous work in Lianga Bay and extending offshore
approximately 20 miles. At the close of the year this work was still
in progress.

[W. M. HiLL.]

STATIONS OCCUPIED.—Atimonan, Antipolo, Boac, Butuan, Calapan, Calbayog,
Catbalogan, Cebu, Cujo, Davao, Iligan, Lucena, Masbate, Misamis, Puerto
Princesa, San Jose de Buenavista, Suriagao, Tacloban, Vallehermosa.

The magnetic survey of the Philippine Islands begun during the
last fiscal year was in progress on July 1.

In the execution of this work an attempt was made to relocate and
reoccupy old stations that had been established many years previously.
In many cases the marks could not be found and owing to the de-
struction of the reference points there was not sufficient data to
relocate the exact spots where observations had been made. When-
ever conditions were favorable, however, observations were made so
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